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ABSTRACT 
 This study was conducted to investigate the effect of the season (the summer 
versus the winter) and dietary protein level (high versus low), using three broiler 
strains (Ross, Cobb and Hubbard), on some physiological parameters.  
 Three hundred and sixty, one-day-old unsexed, broiler chicks were used 
during the summer and winter seasons, 120 from each of Ross strain, Cobb strain 
and Hubbard strain. Two experiments were executed in a complete randomize 
design (factorial arrangement 3x 2x 2). Each strain was divided into two groups, 
with six replicates (10 chicks per each replicate). Group A of each strain was fed 
on a starter diet containing 23% crude protein for the first four weeks of age, 
replaced by a finisher diet containing 21% crude protein. Group B was fed on a 
starter diet containing 21% crude protein replaced by a finisher diet containing 
19% crude protein.  
 The results revealed that there was a significant (P= 0.05) broiler strain X 
season interaction for all parameters under investigation. In both Cobb and 
Hubbard strains, the packed cell volume (PCV) decreased significantly (P<0.05) 
during the summer season, whereas, it was significantly (P= 0.05) increased in Ross 
strain during the same season. The haemoglobin concentration decreased 
significantly (P= 0.05) in Cobb strain during the summer, while it was not 
significantly affected by the season in both Ross and Hubbard strains. The total red 
blood cells count was not significantly affect by the season in the three broiler 
strains. 
 The heterophil/ lymphocyte ratio (H/L ratio) increased significantly (P= 0.05) 
during the summer in both Hubbard and Ross strains, but it was not significantly 
affected by the season in Cobb strain.  
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 The mean cell volume (MCV) increased significantly (P= 0.05) during the 
summer in Ross strain, but it was not significantly affected by the season in Cobb 
and Hubbard strains. The mean cell haemoglobin (MCH) decreased significantly 
(P<0.05) during the summer in both Ross and Cobb strains, whereas, in Hubbard 
strain it was not significantly affected by season. The mean cell haemoglobin 
concentration (MCHC) decreased significantly (P= 0.05) during the summer in all 
broiler strains.  
 Serum glucose concentration decreased significantly (P= 0.05) during the 
summer in Ross and Hubbard strains, while it was not affected by the season in 
Cobb strain. The serum albumin concentration decreased significantly (P= 0.05) 
during the summer in Ross strain, but it was not significantly affected by the 
season in Cobb and Hubbard strains. 
 Serum sodium (Na), potassium (K) and phosphorus (P) concentrations were 
decreased significantly (P= 0.05) during the summer in all strains. The serum 
calcium (Ca) concentration decreased significantly (P= 0.05) during the summer in 
Cobb strain. It was not significantly affected by the season in Ross and Hubbard 
strains.  
 Although there was significant (P= 0.05) broiler strain X protein level 
interaction effect on PCV, H/L ratio, MCV, MCHC, serum glucose, serum 
albumin, serum Na, K, Ca and serum P the dietary protein level appeared to be has 
no significant effect on any of physiological parameters under investigation. 
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CHAPTER ONE 
                                      INTRODUCTION 
The poultry industry occupies a leading role among agricultural 
industries in many parts of the world. The provision of good protein in the 
shortest period of time in the form of meat and eggs is the major 
contributing role of poultry birds in human nutrition. Poultry meat 
production has shown much higher growth than any other type of meat 
during the last decades. The potential for growth is obvious in view of the 
value of this kind of meat in modern day human diets (Daghir, 2008). The 
rate of increase in chicken meat production has averaged 5.7% per year since 
1990. The hot regions of the world have probably the greatest potential for 
further growth since the level of consumption is still very low (Daghir, 
2008). 
Rural poultry production can play an important role in poverty 
alleviation and in the supply of quality protein to rural people. 
Approximately 20 % of protein consumed in developing countries originates 
from chicken meat (Pedersen, 1998). 
With the rapid development of the poultry industry worldwide, 
especially in developing countries, importation of temperate-zone high 
performance stocks to hot regions is on the rise. However, the use of 
unsuitable genotypes in hot regions results in large economic losses due to 
depression in general performances and higher mortality (Cahaner, 1990).          
Poultry production in Sudan based on both layer production and broiler 
production. The broiler chicken industry is an important source of animal 
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protein in the big cities of the country particularly Khartoum state where the 
commercial broiler production in intensive system is common. It depends 
mainly on exotic strains which are introduced by several specialized 
companies established during the last decade, those companies include: 
Inmaa which produces (Ross strain and used to produce Pure-line), Ommat 
which produces (Hubbard, Arbor Acres and Hybro day-old chicks), Algar 
which produces Cobb day-old chicks, Alshaheed Company and Coral 
Company, as well as small hatcheries. The other systems of poultry 
production in the Sudan includes: household poultry keeping and traditional 
open house poultry keeping. 
Like the other poultry industries, the successful broiler production 
depends on many factors such as; availability of quality feed ingredients at 
reasonable cost, proper management and quality chicks. Among these 
factors feed itself constitutes about 65 to 70% of the total cost of production. 
The price of protein ingredients is comparatively higher than that of the 
other ingredients i.e., protein cost involves about 15% of the total feed cost 
(Banerjee, 1992 and Singh, 1990). 
The major broiler farms in the world exist in subtropical and tropical 
zones (Singh, 1999; Windhorst, 2006; FAO, 2007), with the majority still 
operating under a low cost-open system (FAO, 2003), that affect negatively 
the livelihood of the reared broilers under the heat stress (Lin et al., 2006). 
The expression of heat stress in poultry production can be described 
as ‘acute’ or ‘chronic’; acute heat stress refers to short and sudden periods of 
extremely high temperature. Whereas, chronic heat stress refers to extended 
periods of elevated temperature (Emery, 2004). Chronic heat stress has 
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detrimental effects on the performance of broiler birds reared in the 
opensided poultry houses; principally through reducing feed intake, growth 
rate, negatively affect feed efficiency and carcass quality as well as health 
(Carmen et al., 1991; Teeter et al., 1992; Yahav et al., 1996a; Temim et al., 
2000a; Har et al., 2000). 
Blood constituents can be influenced by many biological factors (such 
as genetic type, age, sex, infection, nutrition, management, climate and other 
stress factors) and also by technical factors (Bowes et al., 1989 and Meluzzi 
et al., 1992). 
The objectives of the present study were to investigate the effect of 
environmental temperature or the season of rearing (the summer versus the 
winter), the level of dietary protein (high versus low), the age (three weeks 
versus seven weeks) and their interactions on some physiological parameters 
(some haematological parameters, haematological indices, immune 
response, serum metabolites and serum inorganic elements) of three exotic 
broiler strains (Ross, Cobb and Hubbard) in Sudan. 
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CHAPTER TWO 
LITERATURE REVIEW   
2.1 Effect of environmental temperature on poultry production 
In spite of the genetic improvement of modern livestock, the 
combination of high ambient temperature (AT) and relative humidity (RH) 
continues to cause major environmental distress in poultry; impairing their 
performance. The fluctuation of these environmental parameters, interferes 
with bird comfort, reduces production efficiency, increases endogenous heat 
production, and overloads the bird's thermo-regulatory mechanism (Balnave, 
2004). 
Heat stress is one of the main factors adversely affecting overall 
poultry production in the tropical regions. It was established that heat stress 
not only affects growth rate and feed conversion efficiency but also 
increases the mortality rate of the birds. The domestic fowl is 
homoeothermic which can live comfortably only in relatively narrow zone 
of thermo-neutrality ranging from 14.5 to 25.5°C (Freeman, 1969). 
Under tropical conditions, birds are exposed to marked seasonal 
changes in the thermal environment. The heat load imposes severe stress and 
results in reduced physiological and productive performance of birds 
(Abdalla and Nawal, 2009). 
Normally, the values of blood constituents are affected by many 
factors such as genotype, age, physiological condition, gender, diet, micro- 
and macro-climatic conditions, the method of rearing, season, and 
pathological factors. Moreover, the collection samples of biological 
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materials and the methods of laboratory analysis also play an important role 
(Meluzzi et al., 1992).  
2.2 Thermoneutral zone  
There are considerable discrepancies in the range of the ideal 
temperature for the different classes and age of poultry. This is probably due 
to the fact that many factors influence the response of poultry to the changes 
in environmental temperature. The most important ones are humidity of the 
atmosphere, wind velocity and previous acclimatization of the birds. Birds 
perform well within a relatively wide range of temperatures, whether they 
are broilers, layers or turkeys, this range extends between 10° and 27° C 
(Daghir, 2009). 
Kampen (1984) found that the highest growth rate of broilers occurs 
in the temperature ranges from 10 to 22° C. However, the maximum feed 
efficiency occurs at temperature around 27° C. (Charles, 2002) reported that 
the optimum temperature for maximum performance in growing broilers to 
be between 18 and 22° C.    
2.3 Heat stress and thermoregulation   
Heat stress is a major problem in poultry production and causes big 
economic losses every year (Konca et al., 2008). Recently, a great progress 
in breeding and nutrition has been achieved and consequently, broiler breeds 
with higher performance have been developed. Nevertheless, the high 
performance together with the feathering and lack of sweat glands make the 
birds more susceptible to environmental heat load (Elmagboul, 2011).   
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Normally, the chicken body temperature is 41.5°C, but will fluctuate 
somewhat depending upon the temperature of its environment (Sottnik, 
2002). The established thermoneutral zone for birds reared in the tropical 
regions ranges between 18-24°C (Holik, 2009). Interestingly, when air 
movement is suitable maintaining a constant body temperature is not a 
problem if air temperature is at least 10-15 degrees less than body 
temperature. A bird can only gives off heat to its environment if the 
temperature of that environment is lower than the bird body temperature. If 
heat produced by the birds is not moved away from them and out of the 
poultry house quickly, it will be more difficult for them to avoid heat stress 
(Sottnik, 2002). 
Stress occurs when an animal experiences changes in the environment 
that stimulate body responses aimed at reestablishing the homeostatic 
condition. Stress and its physiological implications in domestic fowl, 
especially in juvenile birds, have been reviewed (Freeman, 1971, 1976, 
1985; Siegel, 1971, 1980, 1985, 1995; Maxwell, 1993; Jones, 1996; 
Downing and Bryden, 1999).               
The systems that participate in thermoregulation operate through 
modulation of heat production and/or heat loss. The cardiovascular system 
may affect both processes by modulation of heat dissipation on one hand, 
and by oxygen transport on the other. Plasma volume expansion is observed 
during the need for acute heat dissipation, such as a period of heat exposure 
in rats (Meiri et al., 1991), physical exercise in humans (Senay et al., 1976; 
Gillen et al., 1991), and heat exposure of chickens (Whittow et al., 1964). 
Moreover, thermoregulation is compromised during osmotic stress, which 
may result in volume constriction or prevent volume expansion (Arad et al., 
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1989). Changes in the cardiovascular system to accommodate oxygen needs 
are observed in aquatic birds adapted to diving (Balasch et al., 1974), flying, 
or high altitude (Carpenter, 1975; Carey and Morton, 1976) and in birds 
adapted to low ambient temperatures (Olsen, 1937; Deaton et al., 1969a, b; 
May et al., 1971; May and Deaton, 1974; Julian et al., 1989; Shlosberg et 
al., 1992; 1996). 
When the environmental temperature becomes equals to the body 
temperature of a bird, non evaporative heat loss mechanism fails and heat 
can be lost by the evaporative of moisture from the upper respiratory tract 
through increased respiration (Dawson and Whittow, 2000). Thus, panting is 
an indicator of heat stress in birds (Ugurlu et al., 2001).    
2.4 Effect of season on hematological parameters and indices 
Hematological profile in animals is an important indicator of 
physiological or pathophysiological status of the body (Khan and Zafar, 
2005).   In the past years, hematological analyses have been used as a guide 
in the diagnosis of many diseases and in evaluating the responses to the 
therapy in both animals and human beings. However, recently, the 
hematological changes have been routinely used to assess the level of 
stresses due to environmental and nutritional factors (Mmereole, 2004). 
Hematological parameters are good indicators of the physiological           
status of the animal and their changes are of value in assessing the response 
of animals to various physiological situations (Khan and Zafar, 2005) and 
they are influenced by age, sex and breeds as well as climatic conditions 
(Singh et al., 1998). 
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Packed cell volume (PCV) value and hemoglobin concentration are 
important hematological parameters, which are of importance in the 
assessment of health status and disease of birds (Hawkey et al., 1984). PCV 
value varies with the ambient temperature. Deyhim and Teeter, (1991) found 
that exposure of chickens to high temperatures causes a decrease in PCV 
values. Yahava and Hurwitz, (1996) found a decrease in PCV values in male 
broilers chickens exposed to 24 hrs of (30 ± 1ºC). However, low 
environmental temperature increased PCV values in broiler chickens 
(Blahova et al., 2007). High significant difference in PCV at different 
temperatures was observed during the 5th and 6th week of age, high ambient 
temperature increases PCV concentration which might be due to 
hemoconcentration caused by high temperature (Khan et al., 2002a). Results 
in same line were obtained by (Huston, 1960 and Moye et al., 1969).  
Hemoglobin (Hb) is the principal component of erythrocytes and it 
functions not only as an important acid-base buffer for blood but also 
transports oxygen. Khan et al., (2002a) reported that different temperatures 
significantly affect the level of hemoglobin concentration during the 5th and 
6th week of age, heat stress decreases hemoglobin concentration. Results are 
in the same line with the previous study was reported by (Deaton et al., 
1969b; Zimmerman et al., 1973, 1975; Vecerek et al., 2002; Comito et al., 
2007). 
Khan et al., (2002a) found that high ambient temperature significantly 
decreases total red blood cells count (TRBC count) when birds subjected to 
heat stress. Lowered TRBC count might be due to decreased oxygen 
consumption by the chicks as a result of high ambient temperature and this 
may be associated with a concurrent reduction in the production of red blood 
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cells (depressed hemopoetic activity) as a consequence of lower basal 
metabolic rate (Huston et al., 1962). 
Mean cell volume (MCV) is an estimate of the volume of red blood 
cells. It is useful for determining the type of anemia a bird might have. A 
low MCV may indicate iron deficiency, a hemoglobin disorder such as      
thalassaemia, anemia due to blood cell destruction or bone marrow            
disorders. A high MCV may indicate anemia due to nutritional deficiencies,      
bone marrow abnormalities, liver disease, and chronic lung disease. Heat 
stress causes a significant increase in MCV value of broilers reared under 
high ambient temperature (Aengwanich and Chinrasri, 2002; Aengwanich 
and Simaraks, 2003; Aengwanich and Chinrasri, 2004; Aengwanich, 2007 
and Ajakaiye    et al., 2010). 
The above mentioned authors reported that mean cell haemoglobin 
(MCH) is the hemoglobin content of the average red cell. The MCH may be 
low in types of anemia where the red blood cells are abnormally small or 
high in other types of anemia where the red blood cells are enlarged for 
example, as a result of folic acid or vitamin B12 deficiency. When broilers 
are under heat stress, their MCH significantly decreased. 
The mean cell haemoglobin concentration (MCHC) is the average 
hemoglobin concentration in a given volume of packed red cells. The 
MCHC is low in iron deficiency, blood loss and anaemias caused by chronic 
disease. MCHC plays an important role in detecting the influence of heat 
stress, which decreases by the elevation of ambient temperature. The decline 
of MCHC during the summer may be due to the reduction of RBC counts. 
The heat stress significantly decreases MCHC, which might be due to the 
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decrease of salt content in blood plasma during the summer (Aengwanich 
and Chinrasri, 2002; Aengwanich and Simaraks, 2003; Aengwanich and 
Chinrasri, 2004; Aengwanich, 2007 and Ajakaiye    et al., 2010). 
2.5 Effect of season on immune response  
Blood heterophils (H) are granulated leukocytes formed from        
myelocytes in the bone marrow. They are phagocytic cells designed to          
defend the organism against infections by bacteria, viruses, or                  
foreign particles. They are present in abundance at infection sites to which 
they are attracted by chemotactic compounds from injured cells.     
Lymphocytes (L) are nongranulated leukocytes formed in lymphoid tissues. 
They play an important physiological role in immunity, particularly for the        
production of antibodies. One of the physiological responses of exposure              
to stress is the release of glucocorticoids, causing dissolution of             
lymphocytes in lymphoid tissues and leading to lymphopenia. However, 
there is an increase in heterophil released by the bone marrow, thus 
increasing their number in circulation, but their phagocytic and bactericidal 
activities are decreased (Swenson and Reece, 1996; Berne and Levy, 1998). 
As a result of the increase in heterophil and reduction in lymphocyte,                           
the heterophil/lymphocyte ratio (H/ L) is altered and has been proposed                 
as a sensitive and reliable measure of stress in birds. The H/L ratio has been 
accepted by many scholars as the best indicator of stress in chickens, which 
is based on the results obtained by (Gross and Siegel, 1983 and Gross, 
1989). Moreover, Cheng et al., (2001) suggested that the H/L ratio could be 
used as reliable indicators for genetic selection of chicken strains with higher 
resistance to stress. 
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Several studies have been conducted on the effects of high 
temperature on the immune responses of chickens, with variable results. 
Thaxton et al., (1968) was the first who demonstrated that high 
environmental temperatures affect the development of specific immune    
responses in young chickens. Later, these effects have been reported to                          
include the suppression of circulating white blood cells (WBC)                     
(Nathan et al., 1976; Heller et al., 1979) and an increase in the 
heterophil/lymphocyte ratio (Mogenet and Youbicier-Simo, 1998). 
Zulkifli and Siegel, (1995) found that stress can reduce the number of 
circulating lymphocytes and increase the number of heterophils in chickens. 
(Borges, 1997) confirmed this effect in broiler chickens under heat stress. 
(Bedenova et al., 2003) reported an increase in heterophil/ lymphocyte   
ratio during heat stress as consequence of decrease in lymphocyte counts and 
also to a slight increase in heterophil counts.  (Altan et al., 2000) reported an 
increase in the heterophil/lymphocyte ratio caused by heat stress in broilers. 
Same results were indicated by (McFarlane and Curtis, 1989). Furthermore, 
it was noted that a 7 days increase in ambient temperatures (30.4 and 
34.8ºC) cause an increase in the heterophil/ lymphocyte ratio in female 
broiler chickens. (Zulkifli et al., 2009) found that the exposure of broiler 
chickens to 34°C results in an increase in H/L ratio. (Wolford and Ringer, 
1962) observed an increase in lymphocytes when hens were exposed to cold 
(0ºC) for 15 hours without feed and water. The exposure of broiler chicks to 
6ºC for 30 minutes increases the H/L ratio to beak values, however, one day 
after cold stress this ratio returns to the pre-exposure levels (Gross, 1989). 
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2.6 Effect of season on serum metabolites  
Nowadays, there is great interest in using plasma metabolites as         
diagnostic tools of animals and human’s diseases and heath status. 
2.6.1 Serum glucose 
Several studies have been carried out to determine the effect of 
environmental temperature on serum glucose of chickens. Donkoh, (1989) 
noted that the blood glucose concentration increases in broiler exposed to 
high environmental temperature. (Bogin et al., 1981) found that the exposure 
of broilers to heat stress did not affect blood glucose. (Arad et al., 1983) 
found that high ambient decreases blood glucose in Leghorn hens. 
Nevertheless, (Sahin et al., 2001a) found that high ambient temperature 
increases blood glucose in Japanese quails. Similarly, in study by (Ozbey et 
al., 2004) found that high ambient temperature elevates the concentration of 
serum glucose. (Kolb, 1984) observed that blood glucose concentration is 
directly responsive to an increase in glucocorticoids during stress. The 
exposure of birds to heat stress causes an increase in serum glucose 
concentration. (Khan et al., 2002b). Results on the same lines were declared 
by (Hazelwood, 1965) who reported that blood glucose level increases under 
the effect of heat stress.  
High ambient temperature associated with hyperthermia,                     
induces marked increasing in plasma glucose level (Freeman, 1978)             
depletion of hepatic and muscle glycogen (Freeman, 1970). In                         
contrast cold exposure decreases plasma glucose level (Bogin et al., 1996).              
Abdalla and Nawal, (2009) reported that the plasma glucose concentration 
decreases during the summer compare to that of the winter, which could be 
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attributed to the reduction of feed intake, also it could be related to increase 
the rate of water consumption accompanied by haemodilution in response to 
thermal stress. However, the increase in glucose concentration due to heat 
stress could also be a direct response to enhanced adrenaline, noradrenaline 
and glucocorticoids secretion. Glucocorticoids have primary effect on           
metabolism, stimulating gluconeogensis from muscle tissue protein, 
lymphoid and connective tissue and resulting in increase in blood glucose 
concentration (Tanveer, 2004). 
2.6.2 Serum albumin 
Albumin serves as the major reservoir of protein and involves in   
colloidal osmotic pressure, acid-base balance, and it acts as a transport            
carrier for small molecules such as vitamins, minerals, hormones and fatty          
acids (Margaret, 2001). (Sahin et al., 2001a) found that high ambient 
temperature decreases serum albumin in Japanese quail. Similarly, (Sahin et 
al., 2001b) recorded a reduction in the concentration of serum albumin in 
broilers as a result of the exposure to chronic heat stress from 21 to 42 days 
of age. The same effect has been observed by (Ozbey, et al., 2004) who 
found that high ambient temperature decreases serum albumin in Japanese 
quail. Recently, (Faisal et al., 2008) observed that high environmental 
temperature decreases serum albumin of Japanese quail.  
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2.7 Effect of season on serum inorganic elements 
2.7.1 Serum sodium (Na) and potassium (K) 
The “strong ions” Na+, K+, and Cl-  have the greatest impact on             
acid-base balance or pH of blood and tissues (Borges et al., 2003a, b). Also            
these irons play a major role in the osmotic regulation of the                   
body fluids (Borges et al., 2004). Therefore, it is important to have                     
the proper dietary ranges and ratios of these monovalent minerals                   
without deficiency or toxicity, to meet poultry nutritional demands and 
achieve the best performance. Under high ambient temperature and relative             
humidity conditions, body temperatures and respiratory rates increase            
which lower blood CO2 levels and change acid-base balance                       
resulting in respiratory alkalosis and consequently detrimental effects on the 
growth rate, feed conversion ratio and survival of broiler chickens (Raup and 
Bottje, 1990; Macari et al., 1994). Electrolytes include all soluable 
compounds having the capacity to conduct an electric current while being 
decomposed by it. Water and electrolyte balances in the body are maintained 
within strict limits, and under thermoneutrality birds theoretically have an 
optimal internal electrolyte balance. Although birds have minimum 
requirements for the monovalent minerals Na, K, and Cl, provided by 
natural ingredients and electrolyte salts, the proper dietary balance should 
exist in order to help maintain acid-base homeostasis and best live                   
performance. These monovalent minerals are essential for synthesis                      
of tissue protein, maintenance of intracellular and extracellular              
homeostasis and electrical potential of cell membranes, enzymatic              
reactions, osmotic pressure, and acid-base balance (Mongin,                       
1981 and Borges et al., 2003a).  
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
15 
 
Potassium is the main cation of the intracellular fluid and is found in 
most cells, including red blood cells, while Na+ and Cl- are the main ions of 
the extracellular fluid and are found in high concentrations in blood plasma. 
Osmoregulation is achieved by the homeostasis of these intracellular and 
extracellular ions. Under optimal conditions, water and electrolytes Na and 
K+ loss without any changes in body water content reduces the osmolality of                
these fluids (Borges et al., 2007). Na+ makes up approximately 93% of the 
total cations of the plasma (Lesson and Summer, 2001) and is almost 
completely absent from blood cells. That is why it is the main basic element 
governing pH of the plasma. Moreover, the main functions of Na+ include 
maintenance of body fluid volume and optimum osmotic relationship 
(Tanveer, 2004). K+ is readily absorbed from the upper small intestine and is 
excreted from the body primarily through the urine. Also involves in many              
metabolic processes including nerve impulse, excitement, muscle          
contraction, synthesis of protein, minimizing arginine-lysine antagonism, 
maintenance of intracellular homeostasis, enzymatic reactions, osmotic        
balance  and  water  and  acid-base  balance  (Miller, 1995). 
The monovalent minerals Na+, K+, and Cl- exert characteristic          
effects on hen’s acid-base homeostasis, regulation of osmotic pressure,      
absorption of amino acid and monosaccharide, and participate                                
in neuronal function. Na+ and K+ are alkalogenic; increase the pH of body 
fluids. Whereas, Cl is acidogenic, causing decreases the pH of body fluids 
(Zisman, 1986 and Borges et al., 2003a and Borges et al., 2003b).  
Wolfenson et al., (1987) has reported reduction in K+ absorption 
during heat stress in turkeys. Broilers subjected to a 32º C environment for 
42 days show lower K+ and Na+ retention (El Husseiny and Creger, 1981). 
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Heat distress-induced perturbations of bird mineral balance have been               
associated with decreased plasma Na+ concentration in turkeys (Kohne                 
and Jones, 1975). Moreover, it was observed that blood K+ increases during 
heat distress. Whereas, (Huston, 1978 and Deyhim et al., 1990) reported 
reduction in blood K+ with heat stress. (Simmons and Avedon, 1959) 
suggested that intracellular K+ could buffer extracellular K+ concentrations 
during acid-base perturbations and, on this basis; it has been proposed that it   
delays heat distress consequences (Smith and Teeter, 1987). Heat distress 
has been shown to reduce mineral retention for K+ and Na in broiler chicken 
(Belay et al., 1992). Blood alkalosis precipitated through altering sodium: 
chloride (Na+: Cl-) ratios (Hurwitz et al., 1973). 
Previous studies have generally indicated a reduction in plasma levels               
of K+ and Na+ (Belay and Teeter, 1993; Ait-Boulahsen et al., 1995;              
Borges, 1997) due to heat stress, probably as a result of hemodilution         
following increased water consumption. However, differences in the              
duration of heat stress at the time of sampling may indicate no change,                   
a rise or a fall in plasma K+ and Na+ levels.  
2.7.2 Serum calcium (Ca) and Phosphorus (P) 
Calcium and phosphorous are couple of essential inorganic materials 
which are involved in many physiological functions of the body of living 
animals (Hurwitz et al., 1995; Underwood and Suttle, 2001). These elements 
take part in construction and biochemical functions of the cell (Bain and 
Watkins, 1993; Whitehead, 1995). 
Calcium is the most abundant mineral in the body of an animal, 99%         
of this is found in the skeleton (Waldroup, 1995) and the major role of it                   
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is bone formation. Moreover, it has other important functions like its                 
requirement for muscle contraction, blood clotting and together with         
potassium and sodium; Ca++ is necessary for normal heart function.                       
The Ca++ requirement for young birds are said to be about 0.8 to 1.0%                    
this is assuming that P+++ level is about 0.45 to 0.5%. (Lesson and                      
Summer, 2001) stated that a ratio of 2: 1 for broilers in the diet is very 
important. 
Phosphorus is the second most abundant mineral in the body of an             
animal. Ca++ and P+++ have a responsibility of building good bones and           
maintaining them. Moreover, P is the major essential component of organic 
compounds involved in almost every aspect of metabolism. Every 100 ml of 
blood contains approximately 35-45 mg of P, 10% of which is in the form                       
of inorganic phosphate. According to Lesson and Summer (2001), there is               
an inverse relationship between serum diffusible Ca++ and inorganic             
phosphate. A deficiency of P or a wide imbalance in the Ca: P ratio in                 
the diet can cause rickets. The normal response in chickens to heat stress is 
panting which causes increased loss of CO2 to the environment. The loss of 
CO2 increases blood pH. This process is called respiratory alkalosis. The rise 
in pH, if not buffered, affects calcium availability by changing calcium from 
the free, ionized form to the biologically inactive protein bound form and 
potentially reduces the activity of parathyroid hormone and other hormones 
needed to maintain calcium homeostasis (Bradley, 2009). 
Heat distress reduces bone weight and strength and increases                      
the incidence of leg problems in broilers (Siegel et al., 1973; Ernst et al.,            
1984) and turkeys (Magruder and Nelson, 1967). Such effects are likely               
due to impaired mineral metabolism. (Kamar et al., 1987) observed               
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Ca++, P+++, and Mg retention to be reduced significantly in heat-distressed 
hens, whereas, (Wolfenson et al., 1987) has reported reduced K, P, and Ca             
absorption in turkeys. Broilers subjected to temperature up to 32° C  for 42                
days exhibit Ca, Cu, Fe, K, Mg, Mn, Na, P, and Zn retention                             
(El Husseiny and Creger, 1981). Heat distress-induced perturbations                      
of bird mineral balance have been associated with decreased plasma Na,              
Ca, Mg, and inorganic P concentration in turkeys(Kohne and Jones,                 
1975) and reduced inorganic phosphorus phosphate (PO4) and Ca in broilers 
(McCormick and Garlich, 1982). Vecerek et al., (2002) reported that plasma 
mineral concentrations during the laying period can be influenced by many 
factors such as laying rate and ambient temperature. It is well documented 
that calcium, magnesium and phosphorus are major inorganic constituents                   
of avian eggshells (Cusack et al., 2003). Bogin et al., (1981), using            
commercial broilers documented that heat stress for 2 hrs causes a drop                
in P and Ca. Nevertheless, using laying hens (Arad et al., 1983) found that 
acute heat stress does not adversely affect plasma levels of Na and K. On the 
other hand, it has been shown that acute heat exposure depresses plasma 
total Ca, but only after body temperature exceeds 45ºC in birds (Edens, 
1976). 
2.8 Protein requirement of broilers     
Feed proteins are complex amino acid polymers which are broken             
down in the gut into amino acids. These amino acids are absorbed                       
and assembled into body proteins which are used in the construction of              
body tissue e.g.; muscles, nerves, skin and feathers. Dietary crude protein        
levels do not indicate the quality of the proteins in the feed; protein quality                
is based on the presence and balance of essential amino acids in                            
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the feed ingredients. The availability to the bird of these essential amino             
acids is most important and broiler feeds should be formulated using             
digestible amino acids. It should be noted that the digestible amino                       
acid levels are based on true fecal digestibility, as opposed to apparent fecal 
digestibility. When the apparent digestibility system is used, the 
recommendation should be adjusted accordingly (Arbor Acres, 2009). In 
poultry, twenty two amino acids are needed to form body protein, some of 
which can be synthesized by the bird (non-essential), whereas others cannot 
be made at all, or found in sufficient quantities to meet metabolic needs 
(essential). Essential amino acids must be supplied by the diet, and a 
sufficient amount of non-essential amino acids must also be supplied to 
prevent the conversion of essential amino acids into non-essential amino 
acid (Arbor Acres, 2009). 
A view or recommendation of protein and energy levels showed                 
that protein requirement decreases with increase in age of birds.            
Recommended levels are 23% CP for 0-3 week old birds, 20% CP for 3-6 
weeks old birds and 18% CP for 6 weeks old birds and above (FAO, 2004). 
Specific roles played by some essential amino acids are; glycine, for feather 
formation; lysine for growth and feather pigmentation; methionine for feed 
efficiency, egg size, fat transport and detoxification of cyanide residues in 
feeds. Tryptophan and Leucine promote growth and their deficiency causes 
poor growth and emaciation (Obiona, 1992). 
2.9 Effect of dietary protein levels on broiler production 
Through the years, the determination of nutritional requirements                     
of animals has received more attention than factors that can affect                      
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these requirements. Research works have been done to investigate the 
specific nutritional requirements of poultry. Based on the results of these 
studies, recommendations have been derived for example optimum             
essential amino acid levels in broiler feeds to obtain maximum growth rate             
and for ideal protein profiles (NRC, 1994; CVB, 1996; Baker et al., 2002). 
In the hot environment, during hot periods, lower protein diets 
supplemented with limiting amino acids (mainly methionine and lysine) give 
better results than high protein diets (Daghir, 2009). Several workers have 
tested low protein diets supplemented with the most critical amino acids or 
simply protein levels higher than what is recommended by NRC (1994) for 
broilers raised at high temperatures. (Filho et al., 2006) found that at 32° C, 
low protein diets for broilers impair performance. These protein levels were 
obviously too low for our modern broiler strains. (Cheng et al., 1997) 
reported that feeding low protein diets to broilers partially ameliorates the 
negative protein on broilers raised in a hot and humid environment and 
found that there are no significant differences in performance between                          
groups receiving 23 vs. 21% dietary protein. (Temim et al., 2000a) studied 
the effect of chronic heat exposure (32° C) on broilers fed different levels of                  
protein and concluded that raising the protein level above 20% is not              
helpful to broilers to withstand high temperature conditions. 
2.10 Effect of dietary protein on hematological parameters and indices  
From the economic point of view, the poultry should be supplied             
with cheaper feed to get maximum return with minimum cost. The recent          
trend among the poultry nutritionist to explore the possibilities of using       
different protein concentrates to reduce the cost of poultry feed. Nowadays,               
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most of the poultry farmers have been using different protein           
concentrates in poultry diets as replacement of fish meal.                    
Hematological parameters and its knowledge can be used to assess the health 
status of broiler chicks. The requirement of dietary protein depends on 
species, age and breed (Alam et al., 2004). 
Shahidullah et al. (2008) found that the supplementation of blood 
meal in broilers diets did not affect the Hemoglobin concentrations. 
Moreover, (Alam et al., 2004) has been shown that there is no significant 
difference in Hb value of broiler birds fed rations supplemented with 
different protein levels. Same results had been obtained by (Donkoh et al., 
1999 and Ahmed et al., 1994). Recently, (Adeyemo, 2010) found that 
Hemoglobin was not affected in broiler chicken fed varying dietary levels of 
methionine. Whereas, (Nworgu et al., 2007) reported that the 
supplementation of Fluted Pumpkin Leaves Extract (FPLE) in broilers 
drinking water increases the hemoglobin concentration which might be due 
to the availability of protein, iron, calcium, magnesium, potassium and 
phosphorus as the birds consumed more feed when they were served with 
FPLE. Results in harmony with the previous result have been obtained by 
(Iheukwumene and Herbert, 2003; Islam et al., 2004; and MVM., 1986)  
Shahidullah et al., (2008) reported that the supplementation of blood 
meal in diets of broiler chickens significantly decreases packed cell volume 
value. Whereas, (Alam et al., 2004) found that there is no significant 
difference in packed cell value values of broiler birds fed rations 
supplemented with different protein levels.  Same results have been reported 
by (Donkoh et al., 1999 and Ahmed et al., 1994). Recently, (Ogbuewu et al., 
2010) stated that the packed cell volume is not affect in broilers fed diets 
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supplemented with graded levels of Yam Peel Meal. Same results reported 
in broilers administered by oral Telferia occidentalis leaf extract,                         
(Alabi et al., 2008). (Nworgu et al., 2007) found that the Packed Cell                       
Volume value significantly increases in broiler chickens served Fluted 
Pumpkin Leaves Extract (FPLE) supplemented in water. Results in harmony 
with previous results have been obtained by (Iheukwumene and Herbert, 
2003; Islam et al., 2004; and Nworgu et al., 2003).  
Alam et al., (2004) reported that the total red blood cells count 
(TRBC) significantly increases in broiler birds fed rations supplemented 
with different protein levels. Same results have been reported by (Donkoh et 
al., 1999; and Ahmed et al., 1994). Similarly, recently, (Ogbuewu et al., 
2010) reported that the TRBC counts are significantly increased in broilers 
fed diet contain Yam Peel Meal. (Nworgu et al., 2007) reported that the total 
red blood cell counts of broiler birds served Fluted Pumpkin Leaves Extract 
is significantly increased. On the other hand, (Shahidullah et al., 2008) 
found that the total red blood cells counts decrease in broiler birds fed 
rations supplemented with blood meal. Whereas, (Adeyemo, 2010) reported 
that total red blood cell count was not affected in broiler chicken fed varying 
dietary levels of methionine. 
Nworgu et al., (2007) reported that the mean cell volume of broiler 
birds served Fluted Pumpkin Leaves Extract supplemented in water 
significantly increased when compared to non- supplemented birds. Result 
in same line had been obtained by (MVM., 1986). The source and the level 
of dietary protein did not affect the MCV value of broiler birds fed cassava 
peel-based diets using fishmeal and groundnut cake as protein sources 
(Egbunike et al., 2009). 
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The supplementation of Fluted Pumpkin Leaves Extract in water 
significantly increases mean cell hemoglobin of broiler chickens          
Nworgu et al., (2007). Result in same line had been observed by 
(Iheukwumene and Herbert, 2003).  The protein level did not have any 
influence on the corpuscular indices (Egbunike et al., 2009). 
Nworgu et al., (2007) noted that the supplementation of Fluted 
Pumpkin Leaves Extract in water significantly decreases mean cell 
hemoglobin concentration of broiler birds. Egbunike et al., (2009) found that 
either the source of protein or the level of it did not have any effect on the 
MCHC value in broiler birds fed cassava peel-based diets using fishmeal and 
groundnut cake as protein sources. 
2.11 Effect of dietary protein level on immune response 
Alam et al., (2004) found that there is no significant               
difference in heterophil/ lymphocyte ratio of broiler birds fed rations 
supplemented with different dietary protein levels. Same result had been 
noted by (Donkoh et al., 1999; and Ahmed et al., 1994).           
2.12 Effect of dietary protein level on serum metabolites 
2.12.1 Serum glucose  
Blood plasma analysis showed that lowering the dietary CP content            
does not affect plasma glucose concentration. Thus, indicating that      
carbohydrate metabolism is not affected by the diet (Swennen et al., 2005        
and Kamran et al., 2010). Whereas, (Adeyemo, 2010) indicated that dietary 
methionine level significantly affects on concentration of glucose in broiler 
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chicken. (Rosebrough and Steele, 1985) concluded that raising the protein 
share in meal leads to raising the glucose concentration in blood. 
2.12.2 Serum albumin 
Agbede and Aletor, (2003) found that total serum                      
protein, albumin and globulin syntheses were not affected by the sources                    
of dietary protein (quality of protein). Bunchasak et al., (2005) noted               
that there was no significant difference in albumin value of laying hens                
fed three graded dietary protein levels in their diets. Whereas, (Nworgu et 
al., 2007) reported that the serum albumen was affected in broilers served 
Fluted Pumpkin Leaves Extract. Moreover, (Eggum, 1989) and (Tewe, 
1985) found that total serum protein and albumin are directly responsive to 
both protein quantity and quality. Recently, (Ogbuewu et al., 2010) found 
that serum albumin was significantly decreases in the broilers fed diet 
contain Yam Peel Meal. Adeyemo et al., (2010) indicated that dietary 
methionine level affects the concentration of albumin in broiler chicken. 
2.13 Effect of dietary protein level on serum inorganic elements 
Nworgu et al., (2007) recorded that the supplementation of Fluted 
Pumpkin Leaves Extract in water increases sodium and potassium         
values of broiler birds compare to non-supplemented birds. Result in same 
line with the previous study has been obtained by (Nworgu, 2004) when 
broiler chicks were fed mimosa leaf meal. Whereas, (Kermanshahi et al., 
2011) observed that the serum Na+ concentration was significantly 
decreased, while the K+ concentration was increased when the dietary 
protein level is increase in Ross male broiler chickens during starter period, 
whereas there was no effect on blood calcium and phosphorus concentration.  
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2.14 Effect of Broilers age on blood constituents 
Although studying the effect of age on blood profile for broiler 
production is essential to evaluate the optimum age according to their 
physiological response for economical production, but adequate empirical 
data are lacking especially in tropical areas because of the variation in 
breeds utilized, and feedstuff available and prevailing climatic conditions. 
Some studies have been carried out by a number of scholars to study either 
hematological or biochemical parameters. (Mmereole, 2009) studied the 
effect of age on hematological values in broiler chicken and found that as the 
birds get older, the total red blood cells, hemoglobin and packed cell volume 
are increased. It was reported that the total red blood cell count at 8th weeks 
of age were significantly higher than that at 7th, 6th and 5th weeks. Similar 
trends exist in respect of hemoglobin and packed cell volume. However, this 
trends change in respect of the mean cell volume, mean cell hemoglobin and 
mean cell hemoglobin concentration. These parameters appear to be 
decrease as the birds get older. (Talebi et al., 2005) found that the age 
significantly affect the haematological profiles of the broiler strains. The 
mean cell hemoglobin, mean cell hemoglobin, mean cell hemoglobin 
concentration and H/L ratio was decreased as the birds get older. But, the 
rest of erythrocytic and leukocytic parameters are significantly increased 
with increasing of age.  
Silva et al., (2007) reported that serum Ca; P; Na; and K 
concentrations at three weeks of age were (9.54, 6.23, 136.4 and 3.94 mg/dl) 
respectively. Noteworthy, the concentrations of these elements at week six 
of age are (8.85, 6.12, 142.9, and 3.48 mg/dl), respectively. Indicating that 
the increasing of age significantly decreases serum Ca; increases serum Na 
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but does not affect on serum P and K concentrations. The previous results 
have been supported by the finding of (Oguz et al., 2000) who found that the 
increasing of age decrease serum calcium concentration; does not affect on 
serum phosphorus.  
2.15 Effect of Broiler strains on blood constituents 
There is limited information concerning the normal blood profiles of 
different broiler strains. However, some haematological studies in birds have 
been carried out by a number of authors (Levi et al., 1989; Uko and Ataja, 
1996; Onifade and Odunsi, 1998; Hauptmanova et al., 2002) to study some 
haematological parameters of some strains (Lohmann, Hubbard and Arbor-
Acres). It is generally accepted that slower growing strains of native or 
indigenous breeds of chickens in tropical countries are better able to 
withstand high ambient temperatures than faster growing strains (Horst, 
1989; Yunis and Cahaner, 1999). 
Soleimani et al., (2011) indicated that in an experiment conducted 
using red jungle fowl, village fowl and commercial broiler chicks which 
have been exposed to heat stress. It results in a dramatic increase in H/L 
ratio of commercial broilers but does not affect either on red jungle fowl or 
village fowl. The H/L ratio of red jungle fowl consistently lowers than that 
of the other genotypes throughout the study.  
(Mmereole, 2009) noted that results with a lot of variations exist 
among the different breeds of broiler chickens (Arbor Acres, Ross, Cobb and 
Marshal), especially with respect to erythrocyte values. Regarding the total 
red blood cell counts, packed cell volume and mean cell hemoglobin 
concentration, Ross breed manifests significantly higher values than the 
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other breeds. Nevertheless, marshal had significantly higher values of mean 
cell volume and mean cell hemoglobin than the other breeds. The 
comparison of leukograms and haemograms of four broiler strains (Ross, 
Cobb, Arbor-Acres, and Arian) showed slight but not significant differences 
between strains (Talebi et al., 2005). 
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 CHAPTER THREE 
MATERIALS AND METHODS 
3.1 Experimental site 
Two experiments were carried out in the premise of poultry research 
unit, department of poultry production, Faculty of Animal Production 
University of Khartoum, Shambat (Khartoum North). The experiments were 
conducted during the period between 17th May to 13th July 2010 (for summer 
season experiment) and from 13th December 2010 until 8th February 2011 
(for winter season experiment). The laboratory analysis was carried out at 
the laboratory of research, Department of Physiology, Faculty of Veterinary 
Medicine, University of Khartoum. 
3.2 Housing 
Experiments were performed in a naturally ventilated, open-sided, 
deep litter poultry house, with a concrete floor, corrugated sheet roof. The 
house is extended east – west and constructed from 0.5 meter bricks walls, 
iron posts and wire netting. The house is portioned into equal size pens made 
of iron posts and wire netting (approximately one square meter), with 
enough space allowance. The pens were cleaned, washed and disinfected, 
thick layer of wood shaving litter material was laid on each pen with 
allocation of one tubular feeder trough and one round fountain drinker. 
Continuous Lighting was provided for 24 hours in the form of natural light 
during the day (12 hours), and artificial lighting during the night (12 hours), 
using an incandescent bulbs (60 watt). They were hanged at low level 
initially with subsequent adjustment of bulbs height to suit heat requirements 
of chicks. 
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The temperature inside the poultry house was recorded daily (three 
times) at morning, mid-day and mid-night by using digital thermometer 
hanging in the middle of the house through the experimental period. The 
reported temperature was found to range between 37 and 39ºC during the 
summer and between 19 and 29ºC in the winter. 
3.3 Experimental diets 
The experimental diet was formulated from local ingredients except 
the imported super concentrate to supplement the essential amino acids 
(lysine and methionine) in addition to minerals and vitamins. 
Two rations were used in each experiment with the same energy but 
different levels of proteins. The first ration contained 23% of crude protein 
as starter for the first four weeks and then it was shifted to a ration contained 
21% crude protein as finisher and 3000 Kcal. The second ration contained 
21% crude protein as starter for first four weeks and then it was shifted to a 
ration contained 19.5% crude protein as finisher and 3000 Kcal. 
The formulation and calculation of experimental diet is shown in 
tables (1and 2), respectively. The chemical analysis of the ingredients for 
diets is presented in table (3). The metabolizable energy of local ingredients 
was calculated according to (Lodhi et al., 1976) as shown in the following 
equation: 
Me (kcal/kg) = 32.95 (% crude protein + ether extract x 2.25 x % available 
carbohydrates) – 29.2  
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Table (1): Ingredients composition of experimental diet on percent basis 
Ingredient Diet (1) Diet(2) 
Starter % Finisher % Starter % Finisher % 
Sorghum  61 61.5 61.5 68.5 
Groundnut cake 15.8 12 12 7.3 
Sesame cake 13 11.3 11.3 9 
Wheat bran 4 9 9 9 
Super concentrate 5 5 5 5 
Limestone 0.9 0.9 0.9 0.9 
Nacl  0.25 0.25 0.25 0.25 
Lysine  0.04 0.04 0.04 0.04 
Methionine 0.01 0.01 0.01 0.01 
     
Total  100 100 100 100 
Specification: 
* Composition of supper concentrates BRO-5 (1504.10) 
Fishmeal, vegetable protein, dicalciumphosphate, limestone, vitamins, trace-elements, 
antioxidant. 
* Vitamins and premix minerals per kg of diet 
Analysis  Added vitamins 
/kg 
 Added minerals/kg  
Crude protein 40% min Vit. A 200.000 IU/kg Copper     160 mg/kg 
Crude fat   2% min Vit D3 40.000   IU/kg Manganese 1.200  mg/kg 
Crude fiber   5% max Vit. E     500   mg/kg Zinc 1.000 mg/kg 
Calcium  6-8% Vit. B1     30     mg/kg Iron  1.000 mg/kg  
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Phosphorus(total)     2% Vit.B2 100.00  mg/kg Iodine        8  mg/kg 
Phosphorus(available)     4.3% Vit. B6       40   mg/kg Selenium         3 mg/kg 
Lysine     12% Vit. B12     0.50  mg/kg  
Methione       3% Niacin     600   mg/kg 
Meth. Cyst     3.2% Pantothenic acid     200   mg/kg 
Sodium     2.4% Folic acid       20   mg/kg 
Met. Energy 2.150 
kcal/kg 
Vitamin K3       40   mg/kg 
  Choline chloride    1.000 mg/kg 
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Table (2): Calculation of experimental diets (calculated analysis) 
Ingredient % 
Diet(1) Diet(2) 
Starter  Finisher  Starter  Finisher  
Crude protein 23.03 21.58 21.58 19.5 
Metabolizable energy 
(kcal/kg)  
3071 3031 3031 3079 
Calcium 1.229 1.18 1.18 1.108 
Phosphorus 0.328 0.329 0.329 0.321 
Lysine 1.116 1.084 1.084 1.019 
Methionine 0.49 0.465 0.465 0.426 
Fiber 4.731 4.884 4.884 4.413 
*Calculation based on analytical data of Sudanese feed obtained by Control 
Animal Nutrition Research Laboratory, Kuku (Bulletin III) 
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Table (3): Determined chemical analysis of the experimental diets as % 
Ingredient Diet(1) Diet(2) 
Starter  Finisher  Starter  Finisher  
Crude 
protein% 
27.73 25.15 25.15 21.67 
Ether extract 6.84 4.88 4.88 3.01 
Ash 9.02 8.27 8.27 7.15 
Crude fiber 8.89 7.33 7.33 5.98 
Dry matter 92.74 97.68 97.68 90.11 
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3.4 Experimental birds: 
 A total of 360 day-old unsexed broiler chicks from, three commercial 
lines were purchased from three different Companies working in the Sudan, 
namely; 120 chicks Ross strain were purchased from Enmaa Company, 120 
chicks Cobb strain from Al Gar Company and the same number for Hubbard 
strain from Ommat Sudanese Company. The chicks were purchased during 
the summer and the winter seasons, 360 birds for each season. 
3.5 Management and medications 
 The same management applied for all the experimental birds during 
each season. The chicks were vaccinated against infectious bronchitis (IB) 
and Newcastle (ND) at the first week of age as one dose, Gumboro disease 
(Infectious Bursal disease) at the second week of age , ND at the third week 
of age and also vaccinated again against Gumboro disease at the fourth week 
of age. The birds were treated by Enrocoli (in summer) and Gentadox (in 
winter) against chronic respiratory disease (CRD) at second week of age, 
also given amprolium 60% (in the summer and the winter) against 
coccidiosis disease at the fourth week of age. All the vaccines and drugs 
were given in drinking water. 
3.6 Experimental plan 
Two experiments were carried out during the summer and winter. 
Three exotic commercial broiler strains (Ross, Cobb, and Hubbard).  In each 
experiment all Chicks from each strain were initially weighted and divided 
into two groups with equal number of chicks. Each subgroup was divided 
into six replicates (experimental unit) with 60 chicks (10 chicks per 
replicate). The first group was fed with starter diet containing  23% crude 
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protein (CP) and 3000 Kcal ME/kg for the first four weeks and then shifted 
to finishing diet with 21% crude protein (CP) and 3000 Kcal ME/kg. The 
second group was fed with starter diet containing 21% crude protein (CP) 
and 3000 Kcal ME/kg. Later, it was shifted to 19.5% crude protein (CP) and 
3000 Kcal ME/kg as finishing diet. A complete randomize design factorial 
arrangement was adopted. The flocks were kept and reared under the same 
condition during the summer and the winter. Feed and water were provided 
ad-libitum. Continuous lighting was provided throughout the day.  
Blood samples were collected during both season (summer and 
winter) at third and seventh week of age from each group of strains to 
determine the hematological parameters immediately after blood sampling. 
Serum metabolites and serum minerals were later detected from the serum 
that kept frozen at -20 ºC.  
3.6 Collection of blood samples  
The blood samples were collected from the heart of the birds using    
sterile disposable syringes (5ml) in the early morning at third and seventh 
weeks of age, three samples from each replicate were randomly taken. A 
sample of 3ml of blood was collected from each bird and immediately 
preserved into two test tubes. One tube containing ethylene diamine tetra 
acetic acid (EDTA) as anticoagulant, and the other one without 
anticoagulant. The blood in the tube that with anticoagulant was used for 
determination of packed cell volume, hemoglobin concentration, total 
erythrocyte counts, and differential leukocyte count. While the second tube 
was left for about 3 hours at room temperature, then centrifuged at 3000 
r.p.m for 15 minutes.  Haemolysis-free serum samples were separated and 
transferred to clean plastic vials and immediately frozen at -20 ºC for the 
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determination of serum glucose, albumen, calcium, phosphorus, sodium, and 
potassium.  
3.7.1 Hematological parameters 
3.7.1.1 The packed cell volume (PCV) 
The PCV of the erythrocytes, as percentage of whole blood, was 
measured using a microhematocrit centrifuge (Hettich-Germany). Plain 
capillary tubes were filled with blood to approximately ¾ and one end was 
sealed by cristaseal. Then the tubes were centrifuged at 12000 r.p.m for 5 
minutes. The PCV was measured using the hematocrit reader. 
3.7.1.2 Hemoglobin concentration (Hb)  
Hb concentration was determined by cyanmethaemoglobin method as 
describe by (Van Kampen and Zijlstra, 1961). 
Principle:  
Ferrous ions of Hb are oxidized to the ferric state by potassium 
cyanide to form methaemoglobin, which reacts with cyanide to form 
cyanmethaemoglobin that can be measured colorimetrically. 
 
Reagents:  
Cyanide reagent (Drabkin,s solution) 
The reagent was prepared by dissolving 0.2g of potassium cyanide, 
0.05g of ferricyanide, and 0.14g of potassium hydrogen diorthophosphate in 
a litre of distilled water. 
Standard Hb solution: 
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One ml of human Hb standard (Biosystem-Spain), with a 
concentration of 14.6 g/dL was used as standard. 
Procedure: 
Dry clean test tubes were prepared for sample and standard. In each 
tube, 4 ml of cyanide reagent were added. Then 0.2 ml of blood and Hb 
standard solution were added to the samples and standard tubes, 
respectively. The tubes were allowed to stand for 15 minutes, and then the 
optical density (O.D) of samples and standard was read at 540 nm in the 
colorimeter, using a cyanide reagent as blank. 
Calculation:  
                       Hb concentration (g/dl) =   O.D of sample       x 100 
                                                                     O.D of standard 
3.7.1.3 Total red blood cells counts   
The blood sample with anticoagulant was carefully mixed. 0.02 ml of 
it was drawn and discharged into test tube containing 4 ml of erythrocyte 
diluting fluid (12.5 gm sodium sulphate; 33.3 ml glacial acetic acid; 200 ml 
distilled water). The test tube was covered with a rubber bung and the 
contents were mixed thoroughly by slow inversion. The dilution of the blood 
obtained was 1:200. 
Improved neubauer haemocytometer was used for counting 
erythrocyte. The haemocytometer and coverslip were cleaned; then 
breathing on the haemocytometer, the coverslip was pressed using the 
thumb. The diluted blood was mixed and an automatic pipette was used to 
fill the space between the counting chamber and the coverslip, taking care 
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that no fluid flows into surrounding moats. About 5 min were allowed for 
the cells to settle. 
Using (x45) of the electronic microscope, all the red cells were 
counted in 5 squares in the central area. Each of the 5 small squares is 
divided into 16 smaller squares; a total of 80 of these small squares were 
counted. In order to avoid duplication in counting cells, cells that touch the 
top and right centre lines were counted and cells touching the bottom and 
left centre lines were not counted.  
The calculation of the erythrocyte was made by multiplying the 
number of cells counted (N) in 80 small squares by both the dilution factor 
and the volume factor. 
Each small square has an area of 1/400 mm2 and a depth of 1/10, 
giving a volume of 1/4000 µ l. Since 80 small squares were counted, the total 
volume used was 80 x 1/4000 µ l = 1/50 µ l. Because the standard volume 
used in cell counts is 1 µ l, this volume should be multiplied by 50. The 
dilution factor was 200 and accordingly the erythrocyte count was obtained 
as follows: 
 
The total erythrocyte count (million/ mm3) = N x 50 x 200  
                                                                         = N x 10000  
3.7.1.4 Differential leukocyte count (DLC) 
The percentage of lymphocytes, neutrophils, monocytes, eosinophils, 
and basophils were determined microscopically from a count of 100 
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leukocytes in thin, Giemsa May-Grunwald-stained blood smears (Kelly, 
1984). 
3.7.1.4.1 Preparation of blood smears 
The blood smear was prepared from freshly drawn blood by placing a 
drop of blood in centre line near the end of a clean slide. Then the blood was 
spread using the spreader slide. The smear was dried at room temperature 
and fixed in absolute methyl alcohol for 5 minutes. 
3.7.1.4.2 Staining the blood smear  
Giemsa stain was prepared by transferring 3.8 g of Giemsa powder to 
a dry brown bottle; 250 ml of methanol were added to stain and mixed well. 
Then 250 ml of glycerol were also added to the stain and mixed well. The 
stock solution of the stain was kept at room temperature. Before using, the 
prepared Giemsa stain was diluted 1: 10 with distilled water. 
May-Grunwald stain was prepared by transferring 0.15 g of May-
Grunwald powder to a dry brown bottle; 100 ml of methanol was added to 
the stain and mixed well. 
The smear was covered by May-Grunwald stain for 3 minutes, and 
then distilled water was added and left for 1 minute, then it was drained. The 
smear was stained with diluted Giemsa stain for 15 minutes. It was rinsed 
well in distilled water and left until dry. 
3.7.1.4.3 Performance of DLC 
The blood film was examined using the oil immersion lens (x100) in 
the ideal area of the film. To give representative sampling of all portions of 
the film, examination of the blood film was done by battlement method. The 
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DLC was performed in duplicate by counting and classifying 100 
leukocytes. 
3.8 Haematological indices (mean cell values) 
Using the values obtained for total erythrocyte count, haemoglobin 
concentration and packed cell volume of an average erythrocyte and its 
haemoglobin concentration.  
3.8.1 Mean cell volume (MCV) 
This was determined from the PCV and the total erythrocyte count: 
                              MCV (fl)    =            PCV x 10                          
                                                      TRBC (x106 / µ l) 
3.8.2 Mean cell haemoglobin (MCH) 
This index expresses in picograms the weight of the haemoglobin in 
the average erythrocyte:  
                             MCH (pg)   =          Hb (g/dL)   x 10   
                                                           TRBC (x106 / µ l)   
 
3.8.3 Mean cell haemoglobin concentration (MCHC)  
This index measures the ratio of weight of hemoglobin to the volume 
of erythrocytes and the expression is in grams per deciliter: 
                         MCHC (g/dL) =       Hb (g/ dL) x 100 
                                                                  PCV  
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3.9 Serum metabolites  
3.9.1 Serum glucose  
Glucose concentration was determined by the enzymatic method using 
a kit (SPINREACT, S.A. SPAIN). 
Principle:   
Glucose oxidase (GOD) catalyses the oxidation of glucose to gluconic 
acid. The formed hydrogen peroxide (H2O2), is detected by a chromogenic 
oxygen acceptor, phenol-aminophenazone in the presence of peroxidase 
(POD): 
                ß  – D-Glucose +  O2  + H2O     GOD Gluconic acid + H2O 
               H2O + Phenol + Aminophenazone       POD          Quinone + H2O 
The intensity of the color formed is proportional to the glucose 
concentration in the sample. 
Reagents:  
The reagent consist of; 92 mmol/L of TRIS pH 7.4; 0.3 mmol/L of 
Phenol; 15000 U/L of Glucose oxidase (GOD); 1000 U/L of peroxidase 
(POD); and 2.6 mmol/L of 4 – Aminophenazone (4-AP). The standard was 
prepared by dissolving 100 mg of glucose in 100 ml of distilled water. 
Procedure:  
1. The assay conditions were as follow: 
Wavelength ………………………………… 540 nm 
           Temperature ………………………………..15- 25ºC 
2. The instrument was adjusted to zero with distilled water 
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 Blank Standard Sample 
Working reagent (ml) 1.0 1.0 1.0 
Standard(µl) - 10 - 
Sample(µl) - - 10 
3. The contents of all tubes were mixed and incubated for 20 minutes at 
(15 – 25ºC). 
4. The absorbance of the sample and standard was read against the 
blank. The color was stable for at least 30 minutes using colorimeter. 
Calculations 
The concentration of serum glucose was determined using the 
following formula:             
 Glucose  (mg/dl) = 
(A) sample 
X100(standard conc.) 
(A) standard 
 
3.9.2 Serum albumin  
          Albumin concentration was determined using a kit (SPINREACT, 
S.A. SPAIN). 
Principle:   
Albumin in the presence of bromcresol green at a slightly acid pH, 
produces a colour change of the indicator from yellow-green to green-blue. 
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The intensity of the color formed is proportional to the albumin 
concentration in the sample. 
Reagents:  
The reagent consists of 0.12 mmol/L of Bromcresol green pH 4.2. The 
standard was prepared by dissolving 5 g of albumin in 100 ml of distilled 
water. 
Procedure:  
1. The assay conditions were as follow: 
Wavelength ………………………………… 620 nm 
           Temperature ………………………………..15- 25ºC 
2. The instrument was adjusted to zero with distilled water 
 Blank Standard Sample 
Reagent (ml) 1.0 1.0 1.0 
Standard(µl) - 5 - 
Sample(µl) - - 5 
3. The contents of all tubes were mixed and incubated for 10 minutes at 
(15 – 25ºC). 
4. The absorbance of the sample and standard was read against the 
blank. The color was stable for at least 1 hour using colorimeter. 
Calculations: 
The concentration of serum albumin was determined using the 
following formula: 
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 Albumin (g/dl) = 
(A) sample 
X5(standard conc.) (A) standard 
 
3.10 Serum inorganic constituents  
3.10.1 Serum calcium 
Calcium concentration was determined using a kit (SPINREACT, 
S.A. SPAIN). 
Principle:   
The measurement of calcium in the sample is based on formation of 
color complex between calcium and O-Cresolphtalein in alkaline medium: 
               Ca ++ + O-Cresolphtalein           OH+            colored complex 
The intensity of the colour formed is proportional to the calcium 
concentration in the sample. 
 
 
Reagents:  
The reagent consists of: 500 mmol/L of Ethanolamine, 0.62 mmol/L 
of o-Cresolphtalein and 69 mmol/L of 8 – Hidroxyquinolein. The standard 
was prepared by dissolving 10 mg of calcium in 100 ml of distilled water. 
Procedure:  
1. The assay conditions were as follow: 
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Wavelength ………………………………… 590 nm 
           Temperature ………………………………..15- 25ºC 
2. The instrument was adjusted to zero with distilled water 
 Blank Standard Sample 
Reagent 1 (ml) 2.0 2.0 2.0 
Reagent 2 (drop) 1 1 1 
Standard(µl) - 20 - 
Sample(µl) - - 20 
3. The contents of all tubes were mixed and incubated for 5 minutes at 
(15 – 25ºC). 
4. The absorbance of the sample and standard was read against the 
blank. The color was stable for at least 40 minutes using colorimeter. 
 
 
 
Calculations: 
The concentration of serum calcium was determined using the 
following formula:                        
 Calcium (mg/dl) = 
(A) sample 
X10(standard conc.) 
(A) standard 
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3.10.2 Serum phosphorus 
Phosphorus concentration was determined using a kit (SPINREACT, 
S.A. SPAIN). 
Principle:   
Inorganic phosphorus reacts with molybdic acid forming a 
phosphomolybdic complex. Its subsequent reduction in alkaline medium 
originates a blue molybdenum colour. The intensity of the color formed is 
proportional to the inorganic phosphorus concentration in the sample. 
Reagents:  
The reagent consists of 1.21 mmol/L of Molybdate-Borate, 100 
mmol/L of Sulphuric acid (H2SO4) and 2.59 mmol/L of 1;2 
Phenylenediamine. The standard was prepared by dissolving 5 gm of 
phosphorus in 100 ml of distilled water. 
Procedure:  
1. The assay conditions were as follow: 
Wavelength ………………………………… 690 nm 
           Temperature ………………………………..15- 25ºC 
2. The instrument was adjusted to zero with distilled water 
 Blank Standard Sample 
WR(ml) 1.5 1.5 1.5 
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Standard(µl) - 50 - 
Sample(µl) - - 50 
3. The contents of all tubes were mixed and incubated for 30 minutes at 
(15 – 25ºC). 
4. The absorbance of the sample and standard was read against the 
blank. The color was stable for at least 2 hours using colorimeter. 
Calculations: 
The concentration of serum phosphorus was determined using the 
following formula:                        
 Phosphorus(mg/dl) =    
(A) sample 
X5(standard conc.) (A) standard 
 
3.10.3 Serum sodium 
The concentration of Na in serum was determined by flame 
photometer technique (PFP Jenway, E.U). 
 
 
Reagent:  
2ml of sodium and potassium standard solution of Na (120mg/dl) and 
K (5mg/dl) diluted in 200 ml of distilled water. 
Procedure  
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A volume of 0.1 ml of serum was diluted with 9.9 ml of distilled 
water in a test tube. The zero reading was adjusted by distilled water and the 
standard adjusted to setting of 120 using standard solution. Then the sample 
Na concentration was measured using flame photometer. 
3.10.4 Serum potassium 
The concentration of K in serum was determined by flame photometer 
technique (PFP Jenway, E.U). 
Reagent:  
2ml of sodium and potassium standard solution of Na (120 mg/dl) and 
K (5 mg/dl) diluted in 200 ml of distilled water.  
Procedure  
A volume of 0.1 ml of serum was diluted with 9.9 ml of distilled 
water in a test tube. The zero reading was adjusted by distilled water and the 
standard adjusted to setting of 5 using standard solution. Then the sample K 
concentration was measured using flame photometer.  
3.11 Statistical analysis 
The statistical analysis for the recorded data was carried out using 
analysis of variance for factorial experiment in a completely randomized 
design by general linear model using (Statistix program, version 9). Means 
separation was done by LSD multiple range tests, and the values were 
expressed as Means and Standard Error. The means were considered 
significantly different when P<0.05.   
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CHAPTER FOUR 
RESULTS 
4.1 Effect of broiler strain and season on some blood profiles 
4.1.1 Effect of broiler strain and season on some hematological 
parameters, hematological indices and immune response  
          Data of the effect of interaction between broiler strains and season on 
hematological parameters, hematological indices and immune response are 
presented in table 4. It was observed that the PCV was significantly (P<0.05) 
affected by the interaction between broiler strains and the season. The 
highest PCV value was observed of Ross strain raised in the summer. The 
PCV values in Ross and Cobb strains raised in the winter was significantly 
(P<0.05) higher when compared to Hubbard strain raised in the winter, Cobb 
strain and Hubbard strain raised in the summer. The PCV of Hubbard strain 
raised in the winter was significantly (P<0.05) higher when compared to the 
PCV of Cobb and Hubbard strains raised in the summer which had the 
lowest PCV values. 
          The results also indicated that the interaction between broiler strains 
and the season significantly (P<0.05) affected the haemoglobin 
concentration. The highest Hb concentration was observed in Cobb strain 
reared in the winter. The Hb concentration in Ross strain reared in the winter 
did not significantly (P<0.05) differ when compared to Hb concentrations of 
Ross and Hubbard reared in the summer season as well as Hubbard and 
Cobb strains reared in the winter. But it was significantly (P<0.05) higher 
when compared to Cobb strain reared in the summer, which had the lowest 
Hb concentration. 
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          Results in table 4 reflected that the interaction between broiler strains 
and seasons had high significant effect (P<0.05) on Heterophil/ Lymphocyte 
ratio. These significant differences (P<0.05) in H/L ratio resulted from 
broiler strains as well as from seasons. Noteworthy, the results obviously 
demonstrated that the H/L ratio in the Cobb strain was not affected by the 
season.  The H/L ratio was significantly high (P<0.05) in Hubbard strain 
raised in the summer when compared to other strains reared in the two 
seasons. The H/L ratio of Cobb strain raised in the summer was significantly 
(P<0.05) high than that of Ross and Hubbard strains raised in the winter and 
Ross strain raised in the summer, but was not significantly (P<0.05) 
different when compared to H/L ratio of Cobb strain raised in the winter. 
The H/L ratio of Cobb strain raised in the winter was not significantly 
(P<0.05) different when compared to H/L ratios of Ross and Cobb strains 
raised in the summer. The results also showed that the H/L ratio of Ross 
strain raised in the summer was significantly (P<0.05) higher when 
compared to H/L ratios of Ross and Hubbard strains raised in the winter 
which had the lowest H/L ratios. 
          The results in table 4 also indicated that the interaction between 
broiler strains and the seasons had no significant (P<0.05) effect on total 
erythrocyte counts. 
          The results in table 4 highlighted that the mean cell volume (MCV) 
was significantly affected (P<0.05) by the interaction between broiler strains 
and the seasons. Interestingly, the MCV values of Hubbard and Cobb strains 
was not significantly (P<0.05) different irrespective of the season. The 
highest MCV value was observed in Ross strain raised in the summer which 
was significantly (P<0.05) higher as compared to the MCV values of the 
other strains reared in the two seasons. 
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The mean cell haemoglobin (MCH) was significantly (P<0.05) 
affected by the interaction between the broiler strain and the season. The 
significant differences (P<0.05) were mainly due to the season rather than 
the broiler strains. The highest MCH observed in Ross and Cobb strains 
raised in the winter, they were significantly (P<0.05) different when 
compared to MCH values of Ross and Cobb strains raised in the summer, 
but they were not significantly different (P<0.05) when compared to MCH 
values of Hubbard strain raised in the winter or in the summer. The MCH 
values of Hubbard strain either raised in the summer or in the winter were 
not significantly (P<0.05) different when compared to MCH values of Ross 
and Cobb strains raised in the summer. The lowest MCH value was 
calculated in Cobb strain reared in the summer. 
          The results in table 4 revealed that the mean cell haemoglobin 
concentration (MCHC) was significantly (P<0.05) affected by the 
interaction between the broiler strains and the seasons. The highest MCHC 
value was observed in Cobb strain raised in the winter. The MCHC value of 
Hubbard strain raised in the summer was significantly (P<0.05) higher when 
compared to MCHC values of Ross and Cobb strains raised in the summer, 
but it was not significantly (P<0.05) different when compared to MCHC 
value of Ross strain raised in the winter. The MCHC of Ross strain raised in 
the winter did not significantly (P<0.05) differ from the MCHC of Cobb 
raised in the summer, but it was significantly (P<0.05) higher when 
compared to Ross strain raised in the summer which exhibited the lowest 
MCHC. 
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Table (4): Effect of broiler strain and season on some hematological parameters, 
immune response and hematological indices  
 
 
Parameter 
 
Ross 
                           
Cobb 
 
Hubbard 
 
 
SEM 
Summer Winter Summer Winter Summer Winter 
PCV (%) 44.929a 37.917b 29.625d 38.046b 26.117d 34.042c ±1.8999 
Hb (g/dl) 11.925bc 12.760ab 11.030a 13.883a 11.721bc 11.846bc ±0.5683 
H/L 0.5519c 0.5281d 0.5797b 0.5680bc 0.6052a 0.5153d ±0.00913 
TRBC(million 
cell/mm³) 
2.24a 2.67a 2.87a 2.49a 2.16a 2.36a ±560347 
MCV (fL) 299.45a 144.47b 157.95b 151.61b 151.56b 130.83b ±60.511 
MCH(pg) 48.457b 70.392a 44.481b 70.588a 51.210ab 58.879ab ±10.489 
MCHC (g/dl) 27.407d 36.159bc 30.908cd 49.891a 36.276b 45.830a ±2.6846 
 
a, b, c, d: Mean values within the same row with different superscripts letters 
are significantly different at P<0.05.  
SEM: Standard error of means 
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4.1.2 Effect of broiler strain and season on some serum metabolites 
          Data of the effect of interaction between broiler strains and the season 
on serum albumin and glucose are presented in table 5. The results indicated 
that the interaction between the broiler strain and the season had significant 
effect (P<0.05) on serum albumin concentration. The albumin concentration 
in Ross strain raised in the winter was significantly (P<0.05) high as 
compared to serum albumin concentration of Ross and Hubbard strains 
raised in the summer, but it was not significantly (P<0.05) different when 
compared to albumin concentrations of Cobb strain raised in the summer and 
Hubbard strain raised in the winter. The lowest serum albumin concentration 
was observed in Ross strain raised in the summer. 
          The data in table 5 also indicated that the serum glucose concentration 
was significantly affected by the interaction between broiler strains and 
seasons. The highest concentration was observed in Ross strain reared in the 
winter, it was significantly (P<0.05) higher when compared to other strains. 
The serum glucose concentrations of Cobb and Hubbard strains raised in the 
winter and Cobb strain raised in the summer were significantly (P<0.05) 
high as compared to serum glucose concentrations of Hubbard and Ross 
strains raised in the summer. The serum glucose concentration of Hubbard 
raised in the summer season was significantly (P<0.05) high as compared to 
serum glucose concentration of Ross strain raised in the summer, which had 
the lowest serum glucose concentration. 
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Table (5): Effect of broiler strains and seasons on some serum metabolites 
 
 
Parameter 
 
Ross 
                           
Cobb 
 
Hubbard 
 
 
SEM 
Summer Winter Summer Winter Summer Winter 
Albumin (g/dl) 1.5763c 1.8150a 1.7508ab 1.7750a 1.6542bc 1.7625ab ±0.0559 
Glucose(Mg/dl) 147.10d 198.79a 175.63b 183.03b 164.44c 180.33b ±5.1332 
 
a, b, c, d: Mean values within the same row with different superscripts letter are 
significantly different at P<0.05. 
SEM: Standard error of means 
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4.1.3 Effect of interaction between broiler strain and season on some 
serum inorganic elements 
Data of the effect of interaction between the broiler strains and the 
seasons on serum inorganic elements are shown in table 6. The results 
indicated that the interaction between broiler strains and the season had 
significant (P<0.05) effect on serum sodium (Na+) concentration. The 
highest Na+ concentration was observed in Cobb strain raised in the winter, 
which was significantly (P<0.05) higher when compared to Na+ 
concentrations of the other two strains irrespective of the season. The serum 
Na+ concentration of Hubbard strain raised in the winter was significantly 
(P<0.05) higher when compared to serum Na+ concentrations of Ross, Cobb 
and Hubbard strains raised in the summer, but did not significantly (P<0.05) 
different from the serum Na+ concentration of Ross strain reared during the 
winter. The results also indicated that the serum Na+ concentration of Ross 
reared during the winter was significantly (P<0.05) higher compared to 
serum Na+ concentrations of Ross and Hubbard reared in the summer, but 
did not significantly (P<0.05) differ from Na+ concentration of Cobb strain 
reared in the summer. Furthermore, during summer the highest (P<0.05) 
serum Na+ concentration was recorded in Cobb strain followed by Ross, and 
the lowest significant value (P<0.05) was observed in Hubbard strain.  
          The interaction between the broiler strains and the season had 
significant (P<0.05) effect on serum potassium concentration. Noteworthy, 
the all strains showed a significant (P<0.05) decrease in serum K+ 
concentration during the summer season compared to the winter. The serum 
K+ concentration of Hubbard strain reared in the summer was significantly 
(P<0.05) higher than that of Cobb and Ross reared in the same season. The 
serum K+ concentration of Cobb strain reared in the summer was 
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significantly (P<0.05) higher when compared to serum K+ concentration of 
Ross strain reared in the summer, which had the lowest serum K+ 
concentration. 
          Moreover, the data in table 6 showed that the interaction between 
broiler strains and seasons had a significant (P<0.05) effect on serum 
calcium concentration. The serum Ca concentration of Cobb strain reared in 
the summer was significantly (P<0.05) lower compared to the serum Ca 
concentrations the other two strains during both seasons. 
          Table 6 demonstrated that the serum phosphorus concentration was 
significantly (P<0.05) affected by the interaction between broiler strains and 
seasons. It was clearly observed that the significant differences (P<0.05) in 
serum P concentration were due to the effect of seasons. The concentrations 
of the serum P of the three strains reared in winter season were significantly 
(P<0.05) higher when compared to that in summer season. 
4.2 Effect of broiler strain and protein level on blood profiles 
4.2.1 Effect of broiler strain and protein level on some hematological 
parameters, hematological indices and immune response 
          Data of the effect of interaction between broiler strains and dietary 
protein levels on hematological parameters, hematological indices and 
immune response are presented in table 7. The interaction between strains 
and dietary protein levels significantly (P<0.05) affected the PCV value. The 
results clearly demonstrated that the level of dietary protein had no 
significant (P<0.05) effect on PCV, whereas, the broiler strain significantly 
(P<0.05) affect the PCV value. The Ross strain showed the significantly 
higher (P<0.05) value compared to the other strains. The Cobb strain fed low 
dietary protein level attained significantly (P<0.05) higher  
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
57 
 
 
 
 
 
Table (6): Effect of broiler strain and season on some serum inorganic elements 
 
 
Parameter 
(Mg/dl) 
 
Ross 
                           
Cobb 
 
Hubbard 
 
 
SEM 
Summer Winter Summer Winter Summer Winter 
Na  122.046d 134.108bc 132.318c 137.121a 115.524e 135.008b ±1.0330 
K  3.3979d 3.9950a 3.6571c 4.0054a 3.8746b 4.0200a ±0.0456 
Ca  9.2625a 9.3258a 7.9333b 9.7667a 9.1771a 9.7196a ±0.3407 
P  5.8842b 8.5246a 5.9000b 8.2204a 6.1083b 8.0975a ±0.2699 
 
a, b, c, d, e: Mean values within the same row with different superscripts letter 
are significantly different at P<0.05. 
SEM: Standard error of means  
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PCV compared to Hubbard strain fed high or low dietary protein levels, but 
it was not significantly (P<0.05) different compared to Cobb strain fed high 
dietary protein. There was no significant difference in PCV of Cobb strain 
fed high dietary protein level compared to Hubbard strain fed high or low 
dietary protein levels.  
          The same table showed that the interaction between broiler strains and 
dietary protein levels had no significant (P<0.05) effect on haemoglobin 
concentration, total erythrocyte count and mean cell haemoglobin. 
          The results clearly indicated that there was a significant (P<0.05) 
effect from the interaction between broiler strains and dietary protein levels 
on H/L ratio. The H/L ratio was significantly (P<0.05) affected by broiler 
strains. However, the level of dietary protein did not show significant 
(P<0.05) effect on H/L ratio as it was presented in table 7. The Cobb strain 
fed high dietary protein level, showed significantly (P<0.05) high H/L ratio 
compared to Ross strain either fed high or low dietary protein levels and 
Hubbard strain fed low dietary protein level. Nevertheless, it was not 
significantly (P<0.05) different compared to Cobb strain fed low dietary 
protein and Hubbard strain fed high dietary protein levels. The same table 
indicated that there was a significant (P<0.05) difference between H/L ratios 
of Hubbard strain when they were fed different dietary protein levels and 
Cobb strain fed low dietary protein level. The lowest H/L ratio was observed 
in Ross strain fed low dietary protein level. It was significantly (P<0.05) 
lower when compared to the H/L ratios of Hubbard strain fed high dietary 
protein level and Cobb strain fed low dietary protein level, but it was not 
significantly (P<0.05) different when compared to H/L ratios of Hubbard 
strain fed low dietary protein level and Ross strain fed high dietary protein 
level. 
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          The results in table 7 also showed that the interaction between broiler 
strains and dietary protein levels had a significant (P<0.05) effect on mean 
cell volume (MCV). The significant difference in MCV was due to broiler 
strains rather than the level of dietary protein. The highest MCV was 
observed in Ross strain fed high dietary protein level, which was 
significantly (P<0.05) high as compared to MCV of Hubbard strain fed 
either high or low dietary protein level and Cobb strain fed high dietary 
protein level. However, it did not significantly differ (P<0.05) when 
compared to MCV of Ross and Cobb fed low dietary protein. Whereas, the 
lowest MCV was observed in Hubbard strain fed low dietary protein level. 
           Data in table 7 showed that the mean cell haemoglobin concentration 
(MCHC) was significantly (P<0.05) affected by the interaction between 
broiler strains and dietary protein levels, but this significant difference was 
mainly due to broiler strains. The MCHC of Hubbard and Cobb strains fed 
both levels of dietary protein were significantly (P<0.05) higher when 
compared to MCHC of Ross strain fed either high or low dietary protein 
levels. 
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Table (7): Effect of broiler strain and protein level on some hematological 
parameters, immune response and hematological indices  
 
 
Parameter 
 
Ross 
 
Cobb 
 
Hubbard 
 
 
SEM 
High CP Low CP High CP Low CP High CP Low CP 
PCV (%) 42.638a 40.208a 32.438bc 35.233b 31.208c 28.950c ±1.8999 
Hb (g/dl) 12.535a 12.150a 12.394a 12.520a 11.488a 12.079a ±0.5683 
H/L 0.5480cd 0.5320c 0.5767a 0.5710ab 0.5664ab 0.5542bc ±0.009130 
TRBC(million 
cell/mm³) 
2.46a 2.45a 3.15a 2.22a 2.22a 2.30a ±560347 
MCV (fL) 273.54a 170.37ab 146.91b 162.65ab 147.61b 134.78b ±60.511 
MCH(pg) 67.890a 50.960a 55.802a 59.268a 53.944a 56.145a ±10.489 
MCHC (g/dl) 31.267b 32.300b 41.935a 38.864a 39.198a 42.908a ±2.6846 
 
a, b, c, d: Mean values within the same row with different superscripts letter are 
significantly different at P<0.05. 
SEM: Standard error of means 
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4.2.2 Effect of broiler strain and protein level on some serum 
metabolites  
          Result in table 8 shows the effect of interaction between broiler strains 
and dietary protein levels on serum albumin and glucose. Obviously, the 
interaction between broiler strains and dietary protein levels had no 
significant (P<0.05) effect on serum albumin concentration, whereas, the 
results indicated that the interaction between broiler strains and dietary 
protein levels significantly (P<0.05) affected serum glucose. This significant 
effect was mainly due to broiler strains not the dietary protein levels. The  
Cobb strain fed low dietary protein level showed significantly (P<0.05) 
higher glucose concentration as compared to that of Hubbard strain fed high 
dietary protein level and Ross fed low dietary protein level. Nevertheless, it 
did not significantly (P<0.05) differ when it was compared to glucose 
concentrations of Cobb strain fed high dietary protein, Hubbard strain fed 
low dietary protein and Ross strain fed high dietary protein level. The lowest 
serum glucose concentration was observed in Hubbard strain fed high 
dietary protein level.  
4.2.3 Effect of broiler strain and protein level on some serum inorganic 
elements  
          The data of the effect of interaction between broiler strains and dietary 
protein levels on serum inorganic elements are presented in table 9. The 
serum sodium (Na+) concentration was significantly (P<0.05) affected by the 
interaction between broiler strains and dietary protein levels. It was clearly 
demonstrated that the level of dietary protein had no significant (P<0.05) 
effect on serum Na+ concentration. Whereas, it was significantly (P<0.05) 
affected by broiler strains. The serum Na+ concentrations of Cobb strain fed 
either high or low dietary protein levels was significantly (P<0.05) higher  
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Table (8): Effect of broiler strain and protein level on some serum metabolites 
 
 
          
Parameter 
 
Ross 
                           
Cobb 
 
Hubbard 
 
 
           
SEM High CP Low CP High CP Low CP High CP Low CP 
Albumin (g/dl) 1.7129a 1.6783a 1.7546a 1.7713a 1.7200a 1.6967a ±0.0559 
Glucose(Mg/dl) 175.48ab 170.41b 177.88ab 180.78a 168.48b 176.29ab ±5.1332 
 
a, b: Mean values within the same row with different superscripts letter are 
significantly different at P<0.05. 
SEM: Standard error of means 
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when compared to the concentrations of Na+ in other strains. The Ross strain 
fed either high or low dietary protein levels showed significantly (P<0.05) 
higher serum Na+ concentrations compared to Hubbard strain fed high and 
low dietary protein levels. The Hubbard strain showed the lowest serum Na+ 
concentration under both levels of dietary protein. 
The interaction between broiler strains and dietary protein levels had 
significant (P<0.05) effect on serum potassium (K+) concentration. The 
Hubbard strain fed high dietary protein had significantly (P<0.05) higher 
serum K+ concentration when compared the other strains fed both levels of 
dietary protein. The serum K+ concentration of Hubbard strain fed low 
dietary protein level was significantly (P<0.05) higher when compared to K+ 
concentrations in Ross strain fed both levels of dietary protein as well as 
Cobb strain fed low dietary protein level, but not Cobb strain fed high 
dietary protein level. The serum K+ concentrations in the Cobb strain, rather 
fed high or low dietary protein levels attained significantly (P<0.05) higher 
K+ concentrations as compared to of Ross strain fed both levels of dietary 
protein, which had the lowest serum K+ concentrations. 
          The results in table 9 showed that the interaction between broiler 
strains and dietary protein levels had significant (P<0.05) effect on serum Ca 
concentration. This significant difference (P<0.05) was due to broiler strains 
rather than the level of dietary protein. The highest Ca concentration was 
observed in Hubbard strain fed high dietary protein level. There was no 
significant difference (P<0.05) between Ca concentrations of Hubbard and 
Ross strains fed both levels of dietary protein as well as Cobb strain fed high 
dietary protein level. Whereas, the Hubbard strain fed both levels of dietary 
protein and Ross strain fed high dietary protein level had  significantly 
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(P<0.05) higher  Ca concentration compared to Cobb strain fed low dietary 
protein level, which had the lowest serum Ca concentration. 
          The results from table 9 indicated that serum phosphorus (P) 
concentrations was not significantly (P<0.05) affected by the interaction 
between broiler strains and the levels of dietary protein. 
4.3 Effect of broiler strain and age on blood profiles 
4.3.1 Effect of broiler strain and Age on some hematological 
parameters, hematological indices and immune response 
          Data for the effect of interaction between broiler strains and age on 
hematological parameters, hematological indices and immune response are 
presented in table 10. The results indicated that the packed cell volume 
(PCV) was significantly (P<0.05) affected by the interaction between broiler 
strain and the age. The highest PCV value was observed in Ross strain at 
seventh week of age. The Ross strain at third week of age attained 
significantly (P<0.05) higher PCV value when compared to Hubbard and 
Cobb strains at seventh week of age and Hubbard strain at third week of age, 
but no significant (P<0.05) difference was observed when compared to Cobb 
strain at third week  of age. The PCV of Cobb strain at third week of age 
was significantly (P<0.05) higher when compared to Hubbard strain at 
seventh week of age, but did not significantly (P<0.05) differ when 
compared to Cobb strain at seventh week of age and Hubbard strain at third 
week of age. The PCV values of Cobb strain at seventh week and Hubbard 
strain at third weeks of age were significantly (P<0.05) higher when 
compared to the PCV of Hubbard strain at seventh week of age, which had 
the lowest PCV value.  
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Table (9): Effect of broiler strain and protein level on some serum inorganic 
elements 
 
 
Parameter 
(Mg/dl) 
 
Ross 
                           
Cobb 
 
Hubbard 
 
 
SEM 
High CP Low CP High CP Low CP High CP Low CP 
Na  128.379b 127.775b 135.307a 134.132a 125.512c 125.020c ±1.0330 
K  3.6275d 3.5654d 3.8675bc 3.7950c 3.9937a 3.9008b ±0.0456 
Ca  9.4342a 9.1542ab 9.0242ab 8.6758b 9.4842a 9.4125a ±0.3407 
P  7.2113a 7.1975a 6.8992a 7.2213a 7.0938a 7.1121a ±0.2699 
 
a, b, c, d: Mean values within the same row with different superscripts letter are 
significantly different at P<0.05. 
SEM: Standard error of means  
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The results in table 10 also indicated that the haemoglobin 
concentration (Hb) was significantly (P<0.05) affected by the interaction 
between broiler strains and age. The Hb concentration at seventh week was 
significantly higher (P<0.05) than in third week in all strains. The highest 
value was observed in Cobb strain at seventh week of age, followed by Ross 
at seventh week of age. There was no significant difference (P<0.05) 
between Hubbard strain at seventh week, Ross strain at seventh week and 
Ross strain at third week.  
          The data in table 10 also demonstrated that the interaction between 
broiler strains and age had significant (P<0.05) effect on 
Heterophil/Lymphocyte ratio (H/L ratio). It seems that the significant 
differences (P<0.05) in H/L ratio were due to broiler strains. The highest 
H/L ratio was observed in Cobb strain at seventh week of age. It was 
significantly (P<0.05) higher compared to H/L ratio of Ross strain at third 
week of age as well as Ross and Hubbard strain at seventh week of age, but 
did not significantly (P<0.05) differ when compared to H/L ratios of Cobb 
and Hubbard strains at third week of age. The H/L ratios of Cobb and 
Hubbard strains at third week of age were significantly (P<0.05) higher 
when compared to H/L ratios of Ross strain at third and at seventh week of 
age, but they were not significantly (P<0.05) different when compared to 
H/L ratio of Hubbard strain at seventh week of age. The H/L ratios of Ross 
strain at third and at seventh week of age were the lowest H/L ratios. 
          Obviously, the interaction between broiler strain and age had no 
significant (P<.05) effect neither on total erythrocyte counts nor on mean 
cell haemoglobin. 
          The data in table 10 showed that the mean cell volume (MCV) was 
significantly (P<0.05) affected by the interaction between broiler strain and 
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age. The highest MCV value was observed in Ross at third week of age. It 
was significantly (P<0.05) higher when compared to MCV of Hubbard 
strain at seventh week of age, but there was significant differences (P<0.05) 
when compared with other strains at both ages. There was no significant 
difference (P<0.05) between MCV values of Ross and Cobb at seventh week 
and Cobb and Hubbard at third week of age when compared to MCV value 
of Hubbard strain at seventh week of age, which was the lowest MCV value. 
The results in table 10 indicated that the interaction between broiler 
strains and age had significant (P<0.05) effect on mean cell haemoglobin 
concentration (MCHC). The highest MCHC concentration was observed in 
Cobb strain at seventh week of age. It was significantly (P<0.05) higher 
when compared to MCHC of Ross strain at third and at seventh weeks of 
age, Cobb strain at third weeks and Hubbard at third weeks of age, but it was 
not significantly (P<0.05) different when compared to MCHC of Hubbard 
strain at seventh week of age. 
4.3.2 Effect of broiler strain and Age on some serum metabolites  
          Data of the effect of interaction between broiler strain and age on 
serum albumin and glucose are presented in table 11. The results indicated 
that the interaction between broiler strain and age had significant (P<0.05) 
effect on serum albumin concentration. The highest albumin concentrations 
were observed in Cobb and Hubbard strains at seventh week of age which 
were significantly (P<0.05) higher when compared to other strains at both 
ages. The serum albumin concentrations of Ross strain at seventh week and 
Cobb strain at third week of age were significantly (P<0.05) higher 
compared to serum albumin concentration of Hubbard strain at seventh week 
of age, which had the lowest serum albumin concentration. 
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Table (10): Effect of broiler strain and age on some hematological parameters, 
immune response and hematological indices 
 
         
   Parameter 
 
 
         Ross 
 
         Cobb 
 
      Hubbard 
       
                 
       
  SEM 
Three 
weeks 
Seven  
weeks 
Three 
weeks 
Seven 
weeks 
Three 
weeks 
Seven  
weeks 
PCV (%) 38.458b 44.388a 34.975bc 32.696c 33.408c 26.750d ±1.8999 
Hb (g/dl) 11.771cd 12.915b 10.297e 14.617a 11.104de 12.463bc ±0.5683  
H/L 0.5397c 0.5404c 0.5678ab 0.5799a 0.5632ab 0.5573bc ±0.009130 
TRBC(millio
n cell/mm³) 
2.46a 2.45a 2.93a 2.44a 1.97a 2.55a ±560347  
MCV (fL) 256.01a 187.91ab 172.05ab 137.51ab 172.68ab 109.71b ±60.511  
MCH(pg) 64.079 a 54.770a 50.191a 64.879 a 58.401a 51.688a ±10.489  
MCHC (g/dl) 34.047b 29.519b 31.097b 49.702a 34.726b 47.380a ±2.6846  
 
a, b, c, d, e: Mean values within the same row with different superscripts letter 
are significantly different at P<0.05. 
SEM: Standard error of means 
           
 
 
 
 
 
 
 
 
 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
69 
 
The results in table 11 also indicated that the interaction between 
broiler strains and age had significant (P<0.05) effect on serum glucose 
concentration. The highest glucose concentration was observed in Ross 
strain at third week of age. Nevertheless, it was not significantly (P<0.05) 
different when compared to serum glucose of Cobb strain at seventh week of 
age which were significantly (P<0.05) higher when compared to the other 
strains at both ages. Also the Ross strain at seventh week of age showed 
significantly (P<0.05) the lowest serum glucose concentration as compared 
to Cobb and Hubbard strain at same age. 
4.3.3 Effect of broiler strain and Age on some serum inorganic elements  
          Data concerning the effect of interaction between broiler strains and 
age on serum inorganic elements are shown in table 12. The results indicated 
that the interaction between broiler strains and age had a significant (P<0.05) 
effect on serum sodium (Na+) concentration. The highest serum Na 
concentration was observed in Cobb strain at third week of age. The serum 
Na+ concentration of Ross strain at third week was significantly (P<0.05) 
higher when compared to Ross and Hubbard strains at seventh week of age 
as well as Hubbard strain at third week of age, whereas, it did not 
significantly (P<0.05) differ when compared to Cobb strain at seventh week 
of age. The serum Na+ concentration of Cobb strain at seventh week of age 
was significantly higher (P<0.05) when compared Hubbard strain at third 
and at seventh week of age, but it was not significantly different when 
compared to Ross strain at seventh week of age. The serum Na+ 
concentration of Ross strain at seventh week of age was significantly 
(P<0.05) higher compared to Hubbard strain at third week of age, but there 
was no significant difference (P<0.05) when compared to Hubbard strain at  
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Table (11): Effect of broiler strain and age on some serum metabolites 
 
         
Parameter 
 
 
Ross 
 
Cobb 
 
Hubbard 
 
                 
                
  SEM 
Three 
weeks 
Seven  
weeks 
Three 
weeks 
Seven  
Weeks 
Three 
weeks 
Seven  
weeks 
Albumin (g/dl) 1.6533bc 1.7379b 1.6758b 1.8500a 1.5508c 1.8658a ±0.0559  
Glucose(Mg/dl) 189.44a 156.46c 172.07b   186.58a 176.15b 168.63b    ±5.1332 
    
a, b, c: Mean values within the same row with different superscripts letter are 
significantly different at P<0.05. 
SEM: Standard error of means 
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seventh week of age. There was no significant difference (P<0.05) between 
serum Na concentrations of Hubbard strain at seventh week of age and the 
concentration of Hubbard strain at third week of age, which showed the 
lowest serum Na+ concentration. 
          The results from table 12 showed that the serum potassium (K+) 
concentration was significantly (P<0.05) affected by the interaction between 
broiler strain and age. The highest serum K+ concentration was observed in 
Hubbard strain at third week of age. The serum K+ concentration of Cobb 
strain at third week of age was significantly (P<0.05) higher when compared 
to Ross strain at third week and to Ross, Cobb and Hubbard strains at 
seventh week. The serum K+ concentration of Ross strain at third week of 
age was significantly (P<0.05) higher when compared to serum K+ 
concentrations of Ross, Cobb and Hubbard strains at seventh week of age. 
Moreover, serum K+ concentrations of Ross and Hubbard strains at seventh 
week of age were significantly (P<0.05) higher when compared to K+ 
concentration of Cobb strain at seventh week of age, which showed 
significantly (P<0.05) the lowest serum K concentration. 
          The results in table 12 also indicated that the interaction between 
broiler strains and age had a significant (P<0.05) effect on serum Calcium 
(Ca) concentration. The highest serum Ca concentration was observed in 
Hubbard strain at third week of age which was significantly (P<0.05) higher 
when compared to serum Ca concentrations of Ross at seventh week, Cobb 
at third and seventh week and Hubbard at seventh week of age, but it was 
not significantly different (P<0.05) when it was compared to Ross strain at 
third week of age. The serum Ca concentration of Ross strain at third week 
of age was significantly (P<0.05) higher when compared to serum Ca 
concentration of Cobb and Hubbard strains at seventh week of age, but it did 
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not significantly differ (P<0.05) when compared to serum Ca concentration 
of Ross strain at seventh week and Cobb strain at third week of age. The 
serum Ca concentrations of Ross strain at seventh week and Cobb strain at 
third week was significantly (P<0.05) higher than Cobb and Hubbard strains 
at seventh week of age which were the lowest serum Ca concentration. 
          The data in table 12 showed that the interaction between broiler strains 
and age had significant (P<0.05) effect on serum phosphorus (P) 
concentration. The highest serum P concentrations were observed in Cobb 
strain at third week of age. It was significantly (P<0.05) higher when it was 
compared to its serum P concentration at seventh week, but did not 
significantly differ (P<0.05) when compared to the other strains at both ages. 
There was no significant difference (P<0.05) between serum P 
concentrations of Ross strain at third week of age and Hubbard strains at 
seventh week of age, whereas, they were significantly (P<0.05) higher when 
compared to serum P concentration of Cobb strain at seventh week of age, 
which was the lowest serum P concentration. 
4.4 Effect of strain, season, protein level, and age on blood profiles 
4.4.1 Effect of strain, season, protein level, and age on some 
hematological parameters, hematological indices and immune response 
          Data concerning the effect of interaction between strains, seasons, 
protein levels, and age on hematological parameters, hematological indices 
and immune response are presented in table 13. The results indicated that 
this interaction had a significant effect (P<0.05) on packed cell volume. It 
was clearly demonstrated that the PCV values of Ross strain were 
significantly higher (P<0.05) when compared to the PCV values of Cobb 
and Hubbard 
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Table (12): Effect of broiler strain and age on some serum inorganic elements 
 
 
Parameter 
(Mg/dl) 
 
Ross 
 
Cobb 
 
Hubbard 
 
 
 
SEM 
Three 
weeks 
Seven  
weeks 
Three 
weeks 
Seven 
Weeks 
Three 
weeks 
Seven  
weeks 
Na  129.329b 126.825cd 141.379a 128.060bc 124.542e 125.990de ±1.0330 
K  3.7138c 3.4792d 4.3054b 3.3571e 4.4446a 3.4500d ±0.0456 
Ca  9.516ab 9.072bc 8.958bc 8.742c 10.133a 8.763c ±0.3407 
P 7.1437ab 7.2650a 7.3992a 6.7213b 7.2862a 6.9196ab ±0.2699 
 
a, b, c, d, e: Mean values within the same row with different superscripts letter 
are significantly different at P<0.05. 
SEM: Standard error of means 
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strains irrespective of the season, the dietary protein level and the age. The 
PCV values of Cobb strain were generally higher when compared to that of 
Hubbard strain irrespective of the season, the level of dietary protein level 
and the age. The highest PCV value was observed in Ross strain reared in 
the summer fed high dietary protein level at third week of age. Whereas, the 
lowest PCV value was observed in Hubbard strain reared in the summer fed 
high dietary protein level at seventh week of age. 
          The results in table 13 also showed that the interaction between the 
strain, season, protein level and age significantly (P<0.05) affected the 
haemoglobin concentration. Interestingly, the haemoglobin concentrations of 
Cobb strain widely varied between the summer and the winter. Whereas, the 
Hb concentrations of Ross and Hubbard strains were slightly affected by the 
season. The Hb concentrations of Cobb strain were significantly higher 
(P<0.05) when compared to Hb concentrations of Ross and Hubbard strains 
irrespective of the season, dietary protein level and the age. The Hb 
concentrations of Ross strain were slightly higher than that of Hubbard 
strain. Noteworthy, as the birds get older the Hb concentration was increased 
irrespective of the broiler strain or the season. The highest Hb concentration 
was observed in Cobb strain reared in the winter, fed high dietary protein 
level at seventh week of age. Whereas, the lowest Hb concentration was 
observed in Cobb strain reared in the summer, fed high dietary protein level 
at third week of age. 
          The data presented in table 13 also demonstrated that the 
Heterophil/Lymphocyte ratio was significantly (P<0.05) affected by the 
interaction between strains, seasons, protein level and the age. The H/L 
ratios of Hubbard strain were significantly higher (P<0.05) when compared 
to H/L ratios of Cobb and Ross strains, particularly the H/L ratios of 
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Hubbard strain reared in the summer irrespective of the level of dietary 
protein or the age. The H/L ratios in Hubbard strain were obviously varied 
between the summer and the winter irrespective of the level of dietary 
protein or the age. Furthermore, the H/L ratios of Ross strain were slightly 
varied between the summer and the winter irrespective of the level of dietary 
protein or the age. Whereas, the H/L ratios of Cobb strain did not 
significantly (P<0.05) differ during the summer and the winter irrespective 
of the dietary protein level or the age. The highest H/L ratio was observed in 
Hubbard strain reared in the summer, fed high dietary protein level at third 
week of age. Whereas, the lowest H/L ratio was observed in Ross strain 
reared in the winter, fed low dietary protein level at third week of age.  
          Furthermore, the results indicated that the total erythrocyte count was 
slightly affected (P<0.05) by the interaction between strains, seasons, protein 
levels and the age. The Cobb strain reared in the summer, fed high dietary 
protein level at three weeks of age showed the significant (P<0.05) high 
TRBCS when compared to other TRBCS irrespective of the strain, the 
season, the level of dietary protein and the age of broiler birds. 
          The results in table 13 also showed that the interaction between 
strains, seasons, protein levels and the age had significant effect (P<0.05) on 
mean cell volume (MCV). The highest MCV was observed in Ross strain 
reared in the summer, fed high dietary protein level at third week of age. It 
was significantly higher (P<0.05) when compared to the other MCV values 
irrespective of the season, the level of dietary protein and the age of broiler 
birds.     
          The date in table 13 also demonstrated that the mean cell haemoglobin 
(MCH) was significantly affected (P<0.05) by the interaction between 
strains, seasons, protein levels and the age. Interestingly, the MCH of 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
76 
 
Hubbard strain did not significantly (P<0.05) differ irrespective of the 
season, the level of dietary protein and the age. Whereas, the MCH values of 
Ross and Cobb strain varied depending on the season, the level of dietary 
protein and the age of broiler birds. The highest MCH was observed in Ross 
strain reared in the winter, fed high dietary protein level at third week of age. 
The lowest MCH values were observed in Ross strain, reared in the winter, 
fed low dietary protein, at third week of age as well as Ross strain reared in 
the summer, fed high dietary protein level at seventh week of age. 
          Finally, the results in table 13 indicated that the interaction between 
broiler strains, seasons, protein levels and the age had significant effect 
(P<0.05) on mean cell haemoglobin concentration (MCHC). The highest 
MCHC was observed in Cobb strain reared in the winter, fed high dietary 
protein level, at seventh week of age. Whereas, the lowest MCHC was 
observed in Ross strain reared in the summer, fed high dietary protein level, 
at third week of age. 
4.4.2 Effect of strain, season, protein level and age on some serum 
metabolites 
          Data of the effect of interaction between strain, seasons, protein level 
and the age on serum albumin and glucose are shown in table 14. The results 
clearly indicated that the serum albumin concentration was significantly 
(P<0.05) affected by the interaction between strains, seasons, protein levels 
and the age. The serum concentration of albumin considerably varies 
between the strains. It could be obviously observed that the serum albumin 
concentrations of birds reared in the winter were significantly (P<0.05) 
higher when compared to serum albumin concentrations of birds reared in 
the summer irrespective of the strain. It was clearly observed that as the bird 
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got older the serum albumin concentration was increased irrespective of 
strain or the level of dietary protein levels. The highest serum albumin 
concentration was observed in Hubbard strain reared in the winter, fed high 
dietary protein level, at seventh week of age. The lowest serum albumin 
concentration was also observed in Hubbard strain reared in the winter, but 
fed low dietary protein level, at third week of age.     
          The results in table 14 also showed that the interaction between 
strains, seasons, protein levels and the age had a significant (P<0.05) effect 
on serum glucose concentration. The serum glucose concentrations of Ross 
strain were significantly (P<0.05) higher when compared to that of Cobb and 
Hubbard strains. The serum glucose concentration in Hubbard strain were 
significantly (P<0.05) higher when compared to Cobb strain. The serum 
glucose concentrations in the winter showed significantly increase (P<0.05) 
when compared to the serum glucose concentrations measured in the 
summer. The highest serum glucose was observed in Ross strain reared in 
the winter, fed low dietary protein level, at third week of age. Whereas, the 
lowest serum glucose concentration was observed in Ross strain, reared in 
the summer, fed low dietary protein, at seventh week of age. 
4.4.3 Effect strain, season, protein level and age on some serum 
inorganic elements. 
          The Data concerning the effect of interaction between strains, seasons, 
protein levels and the age on serum inorganic elements are presented in table 
15. The results indicated that the serum sodium concentration was 
significantly (P<0.05) affected by the interaction between strains, seasons, 
protein levels and the age. The Cobb strain showed significant (P<0.05) 
higher serum Na concentration compared to the other strains. The serum Na 
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concentrations of Ross and Hubbard strains showed significant (P<0.05) 
decrease during the summer when compared to the winter, but this effect of 
season did not resemble that in Cobb strain. The highest serum Na 
concentration was observed in Cobb strain reared in the winter, fed low 
dietary protein level, at third week of age. Whereas, the lowest serum Na 
concentration was observed in Hubbard strain reared in the summer, fed low 
dietary protein level at third week of age. 
          The results in table 15 also showed that the serum potassium 
concentration was significantly affected (P<0.05) by the interaction between 
strains, seasons, protein levels and the age. The serum K concentration of 
Hubbard strain was significantly higher (P<0.05) when compared to Ross 
and Cobb strains. The highest serum K concentration was observed in Cobb 
strain reared in the winter, fed high dietary protein level, at third week of 
age. Whereas, the lowest serum K concentration was observed in Ross strain 
reared in the summer, fed high dietary protein level, at seventh week of age.  
          Furthermore, the results in table 15 demonstrated that the interaction 
between strains, seasons, protein levels and the age had a significant effect 
(P<0.05) on serum calcium concentration. The serum Ca concentrations of 
Cobb strain showed significant decrease (P<0.05) during the summer 
compared to the winter. The serum Ca concentrations of Ross strain during 
the winter were significantly (P<0.05) higher compared to that in the 
summer. The highest serum Ca concentration was observed in Hubbard 
strain reared in the winter, fed high dietary protein level at third week of age. 
Whereas, the lowest serum Ca concentration was observed in Cobb strain 
reared in the summer, fed high dietary protein level at third week of age. 
          The results in table 15 indicated that the serum phosphorus 
concentration was significantly affected by the interaction between strains, 
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season, protein levels and the age. The serum P concentration was 
significantly (P<0.05) decreased during the summer when compared to the 
winter irrespective of strain, dietary protein level or the age of broiler birds. 
In all strains during the winter as the birds got older the serum P 
concentration was significantly (P<0.05) decreased. But during the summer 
as the birds got older the serum P concentration was significantly (P<0.05) 
increased irrespective of the level of dietary protein. The highest serum P 
concentration was observed in Hubbard strain reared during the winter, fed 
low dietary protein level at third week of age. Whereas, the lowest serum P 
concentration was observed in Cobb strain reared in the summer, fed high 
dietary protein level at third week of age.  
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CHAPTER FIVE 
DISCUSSION 
 This study investigated the effect of season (the summer and the 
winter) and dietary protein level (high and low) in three broiler strains (Ross, 
Cobb and Hubbard) on some hematological parameters, hematological 
indices, immune response, serum metabolites and serum inorganic elements.                                                                              
The present results showed that there was a significant decrease in 
PCV value in both Cobb and Hubbard strains during summer season 
compared to winter season, whereas, in Ross strain the PCV was 
significantly increased during summer compared to winter. The decrease in 
PCV in Cobb and Hubbard strains during summer could be attributed to a 
reduction in number of erythrocyte, caused by a rise in erythrocyte 
destruction or haemodilution. This finding is in agreement with the results 
obtained by (Deyhim and Teeter 1991; Yahava and Hurwitz, 1996) who 
observed that the exposure of male broiler chickens to high temperatures 
caused a decrease in PCV values. Whereas, the increase in PCV during the 
summer in Ross might be due to hemoconcentration because of high 
temperature (Khan et al., 2002a; Huston,1960; Moye et al., 1969). 
Moreover, the present results showed that in all strains there was no 
significant difference in PCV value between the birds fed high or low 
dietary protein levels. This result is in full accordance with the results 
obtained by (Donkoh et al., 1999; Ahmed et al., 1994; Alam et al., 2004; 
Alabi et al., 2008; Ogbuewu et al., 2010).  Furthermore, the results indicated 
that either for the effect of the season or the effect of dietary protein levels 
there was significant differences among the strains in PCV value. These 
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differences between strains in PCV could be related to the fact that a lot of 
variations exist among the different breeds of broiler chickens especially 
with respect to erythrocyte values (Mmereole, 2009). This result is in 
consistence with that reported by (Uko and Ataja, 1996) who compared the 
blood parameters of different breeds of poultry and similarly concluded that 
there were significant variations in the haemograms of different breeds of 
poultry. This difference in the blood parameters of different breeds of broiler 
chickens has been utilized in broiler production to breed new broiler strains 
that are genetically resistant to certain poultry diseases and to local harsh 
environmental conditions (Mmereole, 2004, Mmereole, 2008). 
The present results showed that there was a significant decrease in 
haemoglobin concentration in Cobb strain during the summer compared to 
the winter season. Whereas, when compared the Hb concentration in the 
summer to that of the winter in both Ross and Hubbard strains there was 
slight but not significant decrease. Lower levels of haemoglobin in the 
chicken blood during summer season can be related to the effect of higher 
environmental temperature on changes in distribution of iron in the 
organisms of broilers, these changes are described by Jamadar and 
Jalnapurkar (1995). This decrease in Hb concentration is in agreement with 
the results obtained by (Deaton et al., 1969b; Zimmerman et al., 1973, 1975; 
Vecerek et al., 2002; Khan et al., 2002a; Comito et al., 2007) who reported 
that the exposure of birds to high temperature cause a significant decrease in 
Hb concentration. However, the differences in Hb concentration between 
strains might be due to the genetic variation. The present results also 
indicated that the dietary protein level had no significant effect on Hb 
concentration. This  because of the supplementation of dietary protein level 
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which may leads to increase the globin part of the haemoglobin, but not the 
haem part due to lack of iron. This result is in consistence with that of 
(Ahmed et al., 1994; Donkoh et al., 1999; Alam et al., 2004; Shahidullah et 
al., 2008 and Adeyemo, 2010). 
The results in this study indicated that there was a significant increase 
in H/L ratio in Ross and Hubbard strains during summer compared to winter 
season, but the Cobb strain was not significantly affected by heat stress 
during summer season. The significant differences between Ross and 
Hubbard strains when compared to Cobb in H/L ratio and the stability of this 
ratio in Cobb irrespective of the season could be attributed to the high 
immune response of Cobb compared to the other strains (Makram et al., 
2010).The observed increase in H/L ratio during the summer might be due to 
induced stress which release glucocorticoids, causing dissolution of 
lymphocytes in lymphoid tissues, leading to lymphopenia. However, there 
was an increase in heterophil released by the bone marrow, thus increasing 
their number in the circulation, although their phagocytic and bactericidal 
activities were decreased (Swenson and Reece, 1996; Berne and Levy, 
1998). The present result is in agreement with the results obtained by 
(McFarlane and Curtis, 1989; Zulkifli and Siegel, 1995; Borges, 1997; Altan 
et al., 2000; Bedenova et al., 2003; Zulkifli et al., 2009). On the other hand, 
the results in the present study indicated that, in all strains the level of 
dietary protein had no significant effect on H/L ratio. This result is in the 
line with the results obtained by (Alam et al., 2004; Ahmed et al., 1994; 
Donkoh et al., 1999) who observed that the level of dietary protein has no 
significant effect on H/L ratio.  
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The present results demonstrated that in all strains there was slight, 
but not significant decrease in total red blood cells (TRBC) count during the 
summer compared to the winter. This result is in harmony with that of Khan 
et al., (2002a) who found that high ambient temperature decreases TRBC 
count which might be due to the decrease in oxygen consumption by the 
chicks as a result of high ambient temperature. This might be associated with 
a concurrent reduction in the production of red blood cells (depressed 
hemopoetic activity) as a consequence of lower basal metabolic rate (Huston 
et al., 1962). On the other hand, the results also indicated that in all strains 
the level of dietary protein had no significant effect on TRBC count. This 
result could be confirmed by previous findings reported by (Ahmed et al., 
1994; Donkoh et al., 1999; Alam et al., 2004; Adeyemo, 2010).  
The results highlighted that the mean cell volume (MCV) was 
significantly increased in Ross strain. Whereas, in Cobb and Hubbard strains 
there was no significant difference in MCV values during the summer 
compared to the winter. The increase of MCV in Ross strain is in the line 
with the previous findings obtained by (Aengwanich and Chinrasri, 2002; 
Aengwanich and Simaraks, 2003; Aengwanich and Chinrasri, 2004; 
Aengwanich, 2007) who observed that the exposure of broiler birds to heat 
stress increases their MCV. Moreover, the results also indicated that in all 
strains there was no significant difference in MCV value between the birds 
fed high and low dietary protein level. This result is in the line with results 
obtained by (Egbunike et al., 2009).  
The current study showed that the mean cell haemoglobin (MCH) was 
significantly decreased in Ross and Cobb strains, but there was slight but not 
significant decrease in Hubbard strain during summer season compared to 
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winter season. The significant decrease in MCH could be attributed to the 
high bilirubin concentration, relative bile volume and bile contamination in 
the feces during the heat stress, which indicates that chickens under heat 
stress lost haemoglobin. This result is in agreement with that reported by 
(Aengwanich and Chinrasri, 2002; Aengwanich and Simaraks, 2003; 
Aengwanich and Chinrasri, 2004; Aengwanich, 2007) who recorded that the 
heat stress decreases MCH. On the other hand, the results also demonstrated 
that in all strains the level of dietary protein had no significant effect on 
MCH. This result is in consistence with that of (Egbunike et al., 2009) who 
found that the supplementation of different sources and levels of dietary 
protein did not have any effect on the MCH.  
In regards to mean cell haemoglobin concentration (MCHC) the 
results revealed that in all strains there was significant decrease during the 
summer compared to the winter. The observed decrease in MCHC value 
during the summer could be attributed to the decrease of salt content in 
blood plasma. In addition it could be justified by the reduction of RBC 
counts in the summer. The differences between strains in MCHC can be 
related to the fact that a lot of variations exist among the different breeds of 
broiler chickens (Mmereole, 2009). Furthermore, the results demonstrated 
that the level of dietary protein had no significant effect on MCHC value. 
This result is in harmony with that obtained by (Egbunike et al., 2009) who 
found that the level and the source of dietary protein did not have any effect 
on MCHC.  
As concerned the serum glucose the results indicated that in Ross 
strain there was significant decrease in serum glucose concentration during 
the summer compared to the winter. Whereas, in both Cobb and Hubbard 
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strains there was slight but not significant decrease in serum glucose during 
the summer compared to the winter. The significant decrease in glucose 
concentration during the summer could be due to the reduction in feed 
intake. It could be also due to the fact that there is an increase in the rate of 
water consumption accompanied by haemodilution in response to thermal 
stress and consequently a decrease in carbohydrate consumption and 
probably the hepatic storage of glycogen. This finding is in the line with that 
of (Arad et al., 1983; Abdalla and Nawal, 2009). Moreover, the results 
clearly indicated that, in all strains the level of dietary protein had no 
significant effect on serum glucose concentration. This result is confirming 
previous results shown by (Swennen et al., 2005; Kamran et al., 2010). 
In the present study, the results indicated that in Ross strain there was 
significant decrease in serum albumin concentration during the summer 
compared to the winter. Meanwhile, in Cobb and Hubbard strains there was 
slight but not significant decrease in serum albumin concentration in the 
summer compared to the winter. This decrease in serum albumin during the 
summer could be due to the reducing amount of protein consumed and 
consequently deficiency of essential amino acids as a result of decreased 
amount of feed consumed by birds, also it can be related to the reduction in 
digestibility of proteins as a result of exposure of broilers to high 
environmental temperature (Bonnet et al., 1997). This result is in harmony 
with previous results reported by (Sahin et al., 2001a, b; Ozbey et al., 2004; 
Faisal et al., 2008). On the other hand, the results indicated that in all strains 
the level of dietary protein had no significant effect on serum albumin 
concentration. This result agrees with that obtained by (Agbede and Aletor, 
2003; Bunchasak et al., 2005).   
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In the current study, the results showed that in all strains there was 
significant decrease in serum sodium and potassium concentration during the 
summer compared to the winter. The significant decrease in serum Na and K 
during the summer could be due to hemodilution following the increase in 
water consumption. This finding is in consistence with previous results 
reported by (Deyhim et al., 1990; Belay and Teeter, 1993; Ait-Boulahsen et 
al., 1995; Borges, 1997; Salvador et al., 1999) who found that the serum Na 
and K was lower during the heat stress. On the other hand, the current results 
indicated that in all strains the level of dietary protein had no significant 
effect on serum Na concentration. This result disagrees with the result 
obtained by (Nworgu, 2004; Nworgu et al., 2007) who found significant 
increase in serum Na and K in broilers fed mimosa leaf meal and 
supplemented in water with Fluted Pumpkin Leaves Extract. This 
disagreement could be justified by the difference in the source and type of 
protein. Moreover, in Hubbard strain there was a significant increase in 
serum K concentration in birds fed high dietary protein level. Whereas, there 
was no significant difference in K concentration of Ross and Cobb strains 
fed high dietary protein compared to birds fed low dietary protein level. The 
significant increase in Hubbard strain fed high dietary protein is in 
agreement with findings obtained by (Nworgu et al., 2007; Nworgu, 2004 
and Kermanshahi et al., 2011) who stated that the serum K was increased 
when dietary protein level increased. 
The present results indicated that in Cobb strain there was a 
significant decrease in serum calcium concentration during the summer 
compared to the winter. Whereas, in Ross and Hubbard strains there was 
slight but not significant decrease in serum Ca concentration during the 
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summer compared to the winter. The results also demonstrated that in all 
strains there was a significant decrease in serum phosphorus concentration 
during the summer compared to the winter. This result is in agreement with 
that obtained by (Kamar et al., 1987; El Husseiny and Creger, 1981; Bogin 
et al., 1981; and Kohne and Jones, 1975) who found that high ambient 
temperature decreases the plasma Ca and P levels. Moreover, the results also 
indicated that in all strains neither on serum Ca nor on serum P the level of 
dietary protein had no significant effect. This result is in line with recent 
study carried out by Kermanshahi et al., (2011). 
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CHAPTER SIX 
CONCLUSION AND RECOMMENDATIONS  
Based on the results of this study, the following conclusion and 
recommendations were drawn: 
6.1 Conclusion: 
1/ There was broiler strain-season effect on haematological parameters, 
haematological indices, immune response, serum metabolites and serum 
inorganic elements. 
2/ Heat stress caused a decrease in PCV, Hb, MCH, MCHC, serum albumin, 
glucose, Na, K, Ca and serum phosphorus. Whereas, it caused an increase in 
H/ L ratio and MCV. 
 3/ Genetically improved broiler strains appeared to be significantly differ 
from each other in their physiological response for many factors such as 
season of rearing or the level of dietary protein. 
4/ Cobb strain seemed to be more tolerance to summer heat stress of tropical 
areas such as in Sudan (under open-sides system). 
5/ Reducing crude protein level in rations supplemented with limited 
essential amino acids to meet the NRC requirements (mainly methionine and 
lysine), possibly has no significant effect on most of physiological 
parameters. 
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6.2 Recommendations: 
Ø  Feeding programs need to be reevaluated whenever feed ingredients 
prices changed. 
Ø  Further studied could be done, to evaluate the physiological response 
of other broiler strains at different environmental and nutritional 
conditions. In addition to the effect of different levels of limited 
amino acids on physiological response of broiler chickens. 
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